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PREFAtTE. 


This little book, is an edition of Oolebrooke’s translation of 
the Lildmti^ a standard work on Hindu mathematics, written by 
Bhdskaracharyya, a celebrated mathematician and astronomer 
who lived in the twelfth century of the Christian era.^ The 
work forms the first part of a larger work of the author called 
the Sidiihdnta-'Siromani. This part is called by the author, Pdti^ 
ganita or Arithmetic ; but this name has^Blt been properly 
given. For, the work, besides dealing with subjects which lie 
within the province of Arithmetic, also treats of subjects which 
properly belong to Algebra and Geometry, It comprises the 
four simple rules, extraction of the square root and the cube root, 
vulgar fractions, Rule of Three, interest, alligation, problems 
producing simple and quadratic equations, arithmetical and geo- 
metrical progressions, permutations and combinations, indeter- 
minate equations of the first degree, several properties of trian- 
gles and quadrilaterals, areas of circles, volumes of spheres, 
cones and pyramids, solid content of excavations, and several other 
matters* Some of the problems solved evince a great deal of 
progress in algebraical investigations. The author does not state 
the reasons for the various rules given by him. I have tried to 
supply the reasons as simply and shortly as they occurred to me ; 
but still in some cases neater and shorter demonstrations may 
possibly be given. The explanations given have been printed in 
small type and enclosed within square brackets. It is thus hoped 
that the present edition will prove useful and interesting not 

* This date is ascertained from the fact that Bhdskara himself informs m 
in a passage of his Slddhdjita-’sh'omani^ th&t h& was born in the rear 1036 
of the S 0 ka era, and that he completed his great work, when he was 36 years 
old. 'This gives 1160 A.D., as the date of the completion of the Siddhdida^ 
«irom,ani, ^olddhydya ot the $iddhdnta*mromanif Wilkinson’s trans^ 

lation, Xfll, 68, 
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PREFACE. 


only to the scholar and the antiquarian, but also to the student 
of pnod(jrn algebra. 

In his foot-notes, Colebrooke has given translations of extracts 
from the leading commentaries on the LildvalL These are 

(1) The commentary of Gangadhara, written about 1420 A.l). : 

(2) that of Siiryadasa, called Gankdmritaj written in 1538 A.ll., 
containing a clear interpretation of the text, with concise expla- 
nations of the rules : (S) that of Ganesa, cahed Buddhivitdsini^ 
the best of all the commentaries, written in 1545 A.D., compris- 
ing a copious exposition of the text, with demonstrations of the 
rules : (4) the gloss of Ranganatha on the Vdsand, or Bhaskara’s 
demonstratory annotations of the Siddhdnta-siromatd, written 
towards tlie beginning of the seventeenth century A.D. ; (5) the 
Manoranjana^ wrftlton by Ram Krishna Deva, of uncertain date : 
and (G ) the Ganitakaumudi, which has not been recovered, but 
is known from the quotations cited from it by Suryadasa and 
Ranganatha. Some of the translated extracts contain exposi- 
tions of the rules and of technical terms, and some contain de- 
monstrations of the rules in a few cases. Of those demonstra- 
tions which are given chiefly by Ganesa and Suryadasa, those 
which are satisfactory and instructive, have been retained in the 
present edition ; whilst others which are obscure and unsatisfac- 
tory, have been omitted. For convenience of reference, the 
Lildvati in Sanskrit is printed at the end, with divisions into 
chapters and sections corresponding to those made in the trans- 
lation. Ko such divisions were made by Bhaskara. 

H. C. B. 

Naiukeldanga, Calcutta, 

December, 1892. 
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lilAvati. 


CHAPTER 1. 

Introduction. 

1 . . Having bowed to the deity, whose head is like an 
elephant’s^ ; whose feet are adored by gods ; who, when 
called to mind, relieves his votaries from embarrassment; 
and bestows happiness on his worshippers ; I propound 
this easy process of computation/ delightful by its ele- 
gance,® perspicuous with words concise, soft and correct, 
and pleasing to the learned. 

Definitions of Technical Terms. 

{Money by tale.) 

2. Twice ten cowry shells* are a kdkinl; four of 
these are a pana ; sixteen of which must be here con- 
sidered as a dramma ; and in like manner, a nishka, 
as consisting of sixteen of these. 


* Ganes^ represdUted with ftn elephatLli’s head and human body, 

’ P&tiganita ; paripiti, or ryaktapanita, arithmetio. 

' LUivatt, delightful: an allusion to the title of the book. See notes 
on §§ IS and 277. 

* Cypr»a rnoneta, Sans., Tardtaha, kapardi, Hindi, Kmri. 

B, M 
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(^Weights.) 

3. A gunja} (or seed of Ahrus) is reckoned equal to 
two barley-corns ; a valla, to three gunjas; and eight of 
these are a dharana; two of which make a gadydnakq. 
In like manner one dhataka is composed of fourteen 
vallas. 

4. Half ten gunjas are called a mdsfia, by such as 
are conversant with the use of the balance ; a karsha 
contains sixteen of what are termed mdshas ; a pala, 
four karshas. A karsha of gold is named suvarna. 

{Measures,) 

5 — 6. Eight breadths of a barley-corn* are here a 
finger; four times six fingers, a cubit*; four cubits, a 
staff* ; and a krosa contains two thousand of these f and 
a yojana, four krosas. 

So a bambu pole consists of ten cubits; and a field 
(or plane figure) bounded by four sides, measuring 
twenty bambu poles, is a nivartana.^ 

7. A cube,® which in length, breadth and thickness 
measures a cubit, is termed a solid cubit : and, in the 
meting of corn and the like, a measure, which contains 


* A seed of Abrus precatorius, black or red ; the one called Rrishnala, the 
other raJitihd, rattit or rattlhA. 

» Eight barley-corns {yava) by breadth, or three grains of rice by length 
are equal to one finger {angula,). —Gan. 

* According to Ganesa, the cubit {hasta) means the practical cubit employ- 
ed by artisans and called gaj. It is longer than the ordinary cubit of 18 
inches. ^ 

^ Danda^ a staff : directed to be cut nearly of man’s height. (Manu, II. 46.) 

A superficial measure containing 400 square poles. —Sdr. 

® Dwddasdsra^ lit, dodecagon, but meaning a parallelopiped ; the term asra^ 
corner or angle, being here applied to the edge or line of incidence of two 
planes. 
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a solid cubit, is a khdri of Magadha^ as it is denomi- 
nated in science. 

8. A drona is the sixteenth part of a khdri; an 
ndhaka is a quarter of a drona ; a prastha is a fourth 
part of an adhaka; and a kudaba is by the ancients 
termed a quarter of a prastha.^ 

The rest of the* axioms, relative to time® and so forth, 
are familiarly known. 


* The country situated on the Sonehhadrd river. — Gan. It is South Bebar. 

^ Another stanza occurs here in one copy of the text. It is explained in 
the Manonmjana, and by Gangadhara, but not by Ganesa and Siiryadfea. 
It is therefore to be rejected as spurious and interpolated. It is as follows : — 
“The sera is here reckoned at twice seven tankas^ each equal to three-fourths 
of a gaily dnaka : and a mana^ at forty seras. The name is in use among the 
Turushkasy for a weight of corn and like articles.” See notes on §§ 97 
and 235). 

® The author has himself explained the measures of time in his SiddhdrUa- 
siromajii. [Seethe Oolddhydya, Wilkinson’s translation, IV. 5—12. — El.] 



CHAPTER II. 


Section i. 

Invocation.^ 

9. Salutation to Ganesa, resplendent as a blue and 
spotless lotus; and delighting in the tremulous motion 
of the dark serpent, which is perpetually twining within 
his throat. 

Numeration. 

10 — 11. Names of the places of figures have l^en 
assigned for practical use by ancient writers,® increasing 
regularly* in decuple proportion : namely, unit, ten, 
hundred, thousand, myriad, hundred thousands, million, 
ten millions, hundred millions, thousand millions, ten 
thousand millions, hundred thousand millions, billion. 


* A reason of this second introductory stanza is, that the foregoing defi- 
nitions of terms are not properly a part of the treatise itself; none such 
having been premised by Arya Bhatta and other ancient authors in their 
treatises on arithmetic. — Gan. and Mam. 

^ According to the Hindus, numeration is of divine origin ; the invention 
of nine figures {anha)^ with the device of places to make them suffice for 
all numbers, being ascribed to the beneficent Creator of the Universe, in 
Bb&skara's VAsand and its gloss ; and in Krishna^s Commentary on the V^a^ 
gamita. Here nine figures are specified ; the place, when none belongs to it, 
being shown by a blank [mTiya)^ which, to obviate mistake, is denoted by a 
dot or small oifcle. 

• from the light, where the first and lowest number is placed, towards 
the left hand. "-Gan, 
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... 

ten billions, hundred billions, thousand billions, ten 
thousand billions, hundred thousand billions.*^ 


Section ii. 

Eight Oipebations® of Arithmetic. 

12. Rule of addition and subtraction® : half a stanza. 

The sum of the figures according to their places is 

to be taken in the direct or inverse order* : or (in the 
case of subtraction) their difference. 

[The rule as exemplified in the Manoranjana is more cum- 
brous than the ordinary rule.] 

13. Example. Dear intelligent Lildvati,® if thou be 
skilled in addition and subtraction, tell me the sum of 
two, five, thirty-two, a hundred and ninety-three, 
eighteen, ten, and a hundred, added together ; and the 
remainder, when their sum is subtracted from ten 
thousand. 


* Sans, eka, daga, gata^ gahagra, ayuta, laTtgha^ praynta^ hoti^ arhtida^ ahja, 
OT padma, kharva, nihliarva^ makCipadma^ gankv^ jaladhi or gamudra^ antya^ 
madhya^ pardrdha. 

A passage of the Veda^ which is cited by SiSryadasa, contains the places 
of figures : — “ Be these the milch kine before me, one, ten, a hundred, a 

thousand, ten thousand, a hundred thousand, a million, Be these 

milch kine my guides in this world.’’ 

* Pariharmdghtahat eight operations, or modes of process ; logistics or 
algorism. 

* Sanhalana, ganhalita^ mUrana^ yutij yoga^ summation, addition. 

Vyavakalmut vyavaJtalita, godhana^ patam^ subtraction, Antata^ 

difierence, remainder. 

* From the first on the right, towards the left ; or from the last on the 
Wt, toijyards the right.— Oang. 

’ Seemingly the name of a female to whom inatruotion is addrei^ed, But 
the term is interpreted in some of the commentaries, consistently with its 
etymology, ‘charming,*— See §§ 1 and 27T. 
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Statement : 2, 5, 32, 193, 18, 10, 100. 

■Result of the addition’ : 360. 

Statement for subtraction : 10000, 360. 

Result of the subtraction : 9640. 

14 — 1 h. Rule of multiplication* : two and a half 

stanzas. 

Multiply the last® figure of the multiplicand by the 
multiplicator, and next the penult, and then the rest, by 
the same repeated. Or let the multiplicand be repeated 
under the several parts of the multiplicator, and be 
multiplied by those parts : and the products be added 
together. Or the multiplier being divided by any num- 
ber which is an aliquot part of it, let the multiplicand 
be multiplied by that number, and then by the quotient, 
the result is the product. These are two methods of 
subdivision by form. ,Or multiply separately by the 
places of figures, and add the products together. Or 
niultiply by the multiplicator diminished or increased 
by a quantity arbitrarily assumed ; adding or subtract- 
ing the product of the multiplicand taken into the 
assumed quantity. 

[The author gives here six methods. The first method is the 
ordinary one, and includes the tatstha of the older authors, which 
is worked by repeating or moving the multiplier over or under 
every digit of the multiplicand, and which, according to Ganesa’s 


’ Mode of working addition as shown in the Manomnjam ; 

Sum of the nnits, 2, 6 , 2 , 3, 8 , 0 ,0, ... ... ... ... 2 0 

Bum of the tens, 3, 9, 1,1,0, ... ... ... ... i 4 

Sum of the hundreds, 1 , 0 , 0 , 1 , ... ... ... ... 2 

Snm of the sums ... ... ... ... ... 3 e 0 

’ Gunana, ahhydm ; also hanana and any term implying a tendenoy to 
destroy. It is denominated pratyutpan.na 'by Brahmagupta and by Srldhara, 
Chinya, multiplicand. Qunaka, multiplicator. Ghdta, product. 

’ The digit standing last towards the left. 
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explanation, proceeds obliquely, joining products along compart- 
ments. The second is tedious, following from the formula, 
a + r) =5=a& + ac. The third is multiplication by factors. The 
fourth is practically the same as the first, and the fifth, the same 
m the second. The sixth follows from the formula, a (b - c) *» 
ab - ac.'] 

16. Example. Beautiful and dear Lilh.vati, whose 
eyes are like a fawn’s ! tell me the numbers resulting 
from one hundred and thirty-five, taken into twelve, if 
thou be skilled in multiplication by whole or by parts, 
whether by subdivision of form or separation of digits.^ 
Tell me, auspicious woman, the quotient of the product 
divided by the same multiplier. 

Statement : Multiplicand 135. Multiplicator 12. 

Product (multiplying the digits of the multiplicand 
successively by the multiplicator) 1620. 

Or, subdividing the multiplicator into parts, as 8 and 
4 ; and severally multiplying the multiplicand by them ; 
adding the products together, the result is the same, 
1620, 


' The adjoined soheme of the process of multiplication is exhibited in 
Ganesa’s commentary. 



According to the method, the process will stand thus 


12 

12 

12 

or 

135 

135 

1 

3 

6 


1 

2 

12 

36 

60 



270 

135 


1620 


1620 
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Or, the multiplicator 12 being divided by 3, the 
quotient is 4 ; by which, and by 3, successively multi- 
plying the multiplicand, the last px’oduct is the same, 
1620. 

Or, taking the digits as parts, viz., 1 and 2 ; the mul- 
tiplicand being multiplied by them severally, and the 
products added together, according to the places of 
figures, the result is the same, 1620. 

Or, the multiplicand being multiplied by the multi- 
plicator less 2, viz^, 10, and added to twice the multipli- 
cand, the result is the same, 1620. 

Or, the multiplicand being multiplied by the multipli- 
cator increased by 8, viz., 20, and eight times the multi- 
plicand being subtracted, the result is the same, 1620. 

17. Rule of division* ; one stanza. That num- 
ber, by which the divisoi' being multiplied balances 
the last digit of the dividend (and so on*), is the 
quotient in division : or, if practicable, first abridge* 
both the divisor and the dividend by an equal number, 
and proceed to division. 

Example. Stateriient of the number produced by 
multiplication in the foi’egoing example, and of its 
multiplicator, for a dividend, 1620, and a divisor, 12. 

Quotient 135 ; the same with the original multi- 
plicand.* 

* Bhdga^Mra^ harana^ oUhedana^ division. dividend. 

hara, divisor. Lahdhi^ quofcienli. 

^ Hepeatingr the divisor for every digit, like the multiplier in mnh 
tiplieation.-^Gang. 

» abridging. See note on § 249* 

* The process of long division is exhibited in the Mamranjana, thus: 
The highest jiiaces of the proposed dividend, 16, being divided by 12, the 
quotient is 1 j and 4 over. Then 42 becomes the highest remaining number, 
which divided by 12 glyes the quotient 6, to be plftoed in a line with the 
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Or both the dividend and tlie divisor, being reduced 
to least terms by the common measure 3, ai*fe 540 
and 4 ; or by the common measure 4, they become 
405 and 3. Dividing by the respective reduced 
tlivisors, the quotient is the same, 135. 

[The first part of the rule is vague and incomplete, although 
it is practically the-’same as the ordinary rule, as will be evident 
from the foot-note 4, p. 8. The second part follows from the 
identity ah -f- ac=^h -i- c.] 

18 — '19. Kule for the square* of a quantity ; two 
stanzas. 

The multiplication of two like numbers together is 
the square. The square of the last® digit is to be placed 
over it; and the rest of the digits, doubled and multi- 
plied* by that last, to be placed above them respectively; 
then repeating the number, except the last digit, again 
(perform the like operation). Or twice the product of 
two parts, added to the sum of the squares of the parts, 
is the square (of the whole number.)® Or the product 
of the sum and difference of the number and an as- 
sumed quantity, added to the square of the assumed 
quantity, is the square.* 


preceding quotient 1 : thus 13. Remainder 60, which divided by 12 gives 
5 : and this being carried to the same line as before, the entire quotient is 
exhibited: viz,, 

* Varga^ hriti, a square number. 

* The process may begin with the digit, as intimated by the author 
in § 24, 

* The proposed quantity may be divided into three parts, instead of two ; 
and the products of the first and second, first and third, and seoond and 
third, being added together and doubled, and added to the sura of the 
squares of the parts, the total is the square sought. — Gan. 

* Another method is hinted in the author’s note on this passage ; consist, 
ing in adding together the product of the proposed quantity by any assumed 
one, and its product by the proposed leas the assumed one. —Rang. [This 
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[“ The square of the last digit, &c.” The ti’anslation hei'e is 
shghtlj incorrect. It should run thus : — “The square of the 
last digit, and the rest of the digits doubled and multiplied by 
that last, are to be placed one above the other (regard being 
had to the local values) ; then repeating, &c.” It will thou 
appear that the first two methods are really the same, and are 
based on the formula, (rt4-^+c)^=a®d-2a (^^ + e) +6®4-2fic+c^. 
The working of the first method is this : — Suppose we have to 
find the square of 297. 

Then 


72 

49 

or, 22 

« 4 

7x2x29 = 

406 

2x2x97 

« 388 

92 

81 

92 

= 81 

9x2x2 = 

36 

9x2x7 

= 1^6 

22 

4 

72 

« 49 

(297)2 ^ 

cc 

cc 

0 

(297)2 

= b8209 


The ciphers are omitted for simplicity. The third method 
follows from the identity, (a + b) (a — b) + b^ = a^, a being the 
proposed, and b, the assumed quantity.] 

20. Example. Tell me, dear woman, the squares 
of nine, of fourteen, of three hundred less three, and 
of ten thousand and five, if thou know the method of 
computing the square. 

Statement : 9, 14, 297, 10005. 

Proceeding as directed, the squares are found : 81, 
196, 88209, 100100025. Or, put 4 and 5, parts of 9. 
Their product doubled 40, added to the sura of their 
squares 41, makes 81. So, taking 10 and 4, parts of 
14, their product 40, being doubled, is 80 ; which, added 
to 116, the sum of the squares 100 and 16, makes the 
entire square, 196. 

Or, putting 6 and 8, their product 48, doubled, is 
96 ; which, added to the sum of the squares 36 and 64, 
viz., loO, makes the same 196. 
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Again, 297, diminished by 3, is 294 ; and, in another 
place, increased by the same, is 300. The prodnct of 
these is 88200 ; to which adding the square of 3, viz., 
9, the sum is as before the square, 88209. 

* 21. Rule for the square root^ : one stanza. 

Having deducted from the last of the odd digits^ the 
square number, double its root ; and by that divi- 
ding the subseqixent even digit, and subtracting the 
square of the quotient from the next uneven place, 
note in a line (with the preceding double number) the 
double of the quotient. Divide by the (number as 
noted in a) line the next even place, and deduct the 
square of the quotient from the following uneven one, 
and note the double of the quotient in the line. Repeat 
the process (until the digits be exhausted). Half the 
(number noted in the) line is the root. 


[Tho rule is practically the same as the ordinary one for the 
extraction of the square root. Only it is a little more cumbrous, 
as will appear from tho two processes placed side by side ; — 


1 1 1 

88 209j 


482 

4x9 = 36 


9 ^ 


7x58 = 


122 

. 81 


72 = 


18 


49 

49 


58 

14 


4109 

406 


,594 

\ of 594 


297, 

the root required. 



* Varga rmala, root of the square ; mula, pada, ate synonyms of root. 

^ Every uneven place is to be marked by a vertical line, and the inter, 
mediate even digits by a horizontal line. But, if the last place be even, it 

18 joined with the contiguous odd digit. Example, » a 2 o s 
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Thus wo SCO that instead of directing the subtraction of 9 X 49 
at once from 482, the rule directs first the subtraction of 9 x 40, 
and then from the remainder the subtraction of 9 x 9 or 9^. And 
similarly for the next stop. The process shown on the left-hand 
side is the same as that explained in the Manoranjana.l o 

22. Example. Tell me, dear woman, the root of 
four, and of nine, and those of the squares before found, 
if thy knowdedge extend to this calculation. 

Statement : 4, 9, 81, 196, 88209, 100100025. The 
roots are 2, 3, 9, 14, 297, 10005. 

23 — 25. Rule for the cube* : three stanzas. 

The continued multiplication of three like quantities 
is a cube. The cube of the last (digit) is to be set 
down; and next the square of the last multiplied by 
three times the first ; and then the square of the first 
taken into the last and tripled ; and lastly, the cube of 
the first: all these, added together according to their 
places, make the cube. The proposed quantity (consist- 
ing of more than two digits) is distributed into two 
portions, one of which is then taken for the last (and 
the other for the first) ; and in like manner repeated- 
ly (if there be occasion.)* Or the same process may 
be begun from the first place of figures, either for find- 
ing the cube or the square. Or three times the pro- 
posed number, multiplied by its two parts, added to the 
sura of the cubes of those parts, give the cube. Or the 


' Ghana i a cube ; lit., solid. 

* The subdivision is continued until it comes to single digits. Ganesa 
confines it to the places of figures {sthdna-vihhdffa), not allowing the portion- 
ing of the number {rdpa^vibha^a); because the addition is to be made 
according to the places. 



( 13 ) 

1 

square root of tlie proposed number being cubed, that 
multiplied by itself, is the cube of the proposed square/ 

[Tlie different methods follow from the following formula) ; — 
(a + by = + 3a% +3aP+ bK 
(a + by + b^ + 3ab(a + b ) . 

{(Vcey ] 

26. Example. Tell me, dear woman, the cube of 
nine, the cube of the cube of three, and the cube of 
the cube of five, and the cube roots of these cubes, if 
thy knowledge be great in the computation of cubes. 

Statement : 9, 27, 125. 

The cubes in the same order are, 729, 19683, 
1953125.' 

The proposed number being 9, and its parts 4 and 5, 
9 multiplied by them and by 3 is 540 ; which, added 
to the sum of the cubes 64 and 125, viz., 189, makes 


* This carries an allusion to the raising of quantities to higher powers 
than the cube. Ganesa specifies some of them. Thus the fourth power 
of a number is called varga-varga ; the sixth power, varga-ghajia or ghana^ 
mrga : the eighth power, mrga'varga-mrga ; the ninth power, gliam-ghann; 
the fifth varga-ghana-ghdia ; and the seventh power, varga-varga- 

ghana-ghdta. 

“ The following process of finding the cube of 125 is given in the Mano* 
ranjana. The proposed number 125 is distributed into two parts 12 and 5 ; 
and the first of these again into two parts 1 and 2 : 

Then, 1 cubed is ... ... ... ... i 

1, square of 1, tripled and multiplied by 2, is ... 6 

4, square of 2, tripled and multiplied by 1, is ... 12 

2 cubed is ... ,,, 8 

1728 
1728 
2160 
900 
125 


Thus, 125 cubed is 


Now, 12 cubed as above is 

144, square of 12, tripled and multiplied by 6, is ... 
26, square of 5, tripled and multiplied by 12, is ... 
6 cubed is ... 


19631*^5 
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the cube of 9, viz.^ 729. The entire nuniber being 27, 
its parts are 20 and 7 ; by which the number being 
successively multiplied, and then tripled, is 11340 ; and 
this added to the sum of the cubes of the parts, 8343, 
makes the cube 19683. 

The proposed number being a square as 4, its root 
2 cubed is 8. This taken into itself gives 64, the cube 
of 4. So 9 being proposed, its square root 3, cubed, is 
27 ; the square of which, 729, is the cube of 9. In 
short, the square of the cube is the same as the cube 
of the square. 

In short, the square, &c.” The translation should be, in 
short, the cube of a s([uare number is the same as the square 
of the cube of the square root of the number.” This follows 
from the third formula given in the j>receding article.] 

27 — 28. Rule for the cube root^ : two stanzas. 

Tlie first (digit) is a cube^s place ; and the two next, 
uncubic ; and again, the rest in like manner. From 
the last cubic place take the (nearest) cube, and set 
down its root apart. By thrice the square of that 
root divide the next (or uncubic) place of figures, and 
note the quotient in a line (with the quantity before 
found). Deduct its square taken into thrice the last 
(term), from the next (digit) ; and its cube from the 
succeeding one. Thus the line (in which the result is 
reserved) is the root of the cube. The operation is 
repeated (as necessary). 

Example. Statement of the foregoing cubes for 
extraction of the root : 729, 19683, 1953125. 

The cube roots respectively are 9, 27, 125. 


' Gham-mula, root of the cube. 



( ) 


[The rule is more cumbrous than the ordinaiy one, as will 


appear below : — 



• 


< 

1953125/125 

1953125 1 

1 

1 

V 


^ 2 

3x102 = 300 

053 

953125 

12 

3x10x2 = 60 


3x e =:3 

r> 

22= 4 


3x2=6 ' 

353125 
3x22x1=12 

233125 
2*= 8 

125 

364 

3x1202 = 43200 
3x120x5= 1800 
52 = 25 

i728 

225125 

225125 

3x122 = 432 

5x432= 2160 
9125 

52x12x3=900 

125 
52 = 125 


45025 

22.5125 


[The process shown on the left-hand side is the same sis tliat 
explained in the Manoranjaim. The cij)hers are omitted for 
simplicity.] 


Section hi. 

Fkactions.^ 

Fouu Rules eor the Assimilation ok Reduction 
OF Fractions to a Common Denominator.® 

29. Rule for the simple reduction of fractions^; one 


* Bhinnay a fraction ; lit., a divided quantity, or one obtained by division. 
— Gan. An incomplete quantity or non-integer {apurna). — Gang. 

* Bhdfja-jdti-chatiishtai/ay jdti-chatushtaya, or four modes of assimilation 
or process for reducing to a common denominator, fractions having dis- 
similar denominators, preliminary to addition and subtraction of fractions. 

® Bhaga-jati or ama-saviirnanay assimilation of fractions, reducing them 
to uniformity. 
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stanza. Tlie numerator and denominator’ being mul- 
tiplied reciprocally by the denominators of the two 
quantities,® they are thus reduced to the same denomi- 
nator. Or both numerator and denominator may be 
multiplied by the intelligent calculator into the recipro- 
cal denominators abridged by a common measure. 

[This is the ordinary rule for reducing fractions to their least 
common denominator. Tlu! first part of the rule i.s meant for 
fractions whose donominatons are prime to each other.] 

30. Example. Tell me the fractions reduced to a 
common denominator which answer to three and a 
fifth, and one-third, proposed for addition ; and those 
which correspond to a sixty-third and a fourteenth 
offered for subtraction. 

Statement® : f, J. 

Reduced to a common denominator, f|, 

Sum ff . 

Statement of the second example : 

The denominators being abridged, or reduced to 
least terms, by the common measure 7, the fractions 
become |. Numerator and denominator, multiplied 
by the abridged denominators, give respectively yf-g. 
and tIk* Subtraction being made, the difference is 
This abridged by 7 is yig. 


* JShdffa, ansa, vihhdga, lava, the numerator of a fraction. Hara, hdra, 
cliheda^ the denominator of a fraction. That which is to be divided is 
the part {ansa) ; and that by which it is to be divided is hara, the divisor. — 
Gan. and Siir. 

* Rdsi, a quantity, § 36. 

* Among astronomers and other arithmeticians, oral instruction has taught 
to place the numerator above and the denominator beneath. — Gan. 

No line is interposed in the original ; but it has been introduced in the 
translation to conform to the modern practice. BhdiSkara subsequently 
directs (§ 36) an integer to bo written as a fraction by placing under it unity 
for its denominator. The same is done by him in this place in the text. 
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31. Kule for the reduction of subdivided fractions* : 
half a stanza. 

The numerators being multiplied by the numerators, 
and the denominators by the denominators, the result 
is a reduction to homogeneous form in subdivision of 
fractions. 

[This is tho orJinaly rule for reducing a compound fraction 
to a simple fraction.] 

32. Example. The quarter of a sixteenth of the 
fifth of three-quarters of two-thirds of a moiety of 
a dramma was given to a beggar by a person, from 
whom he asked alms : tell me how many cowry shells 
the miser gave, if thou be conversant, in arithmetic, 
with the reduction termed subdivision of fractions. 

Statement : } i iV i- 

Reduced to homogeneousness, ^6%,-,) o*’ least terms. 

Answer : A single cowry shell was given.* 

33. Rule for the reduction of quantities increased 
or decreased by a fraction a stanza and a half. 

' PraMdga-jdti, assimilation of sub-fractious, or making uniform the 
fraction of a fraction. — Gan. 

a divided fraction or fraction of a fraction : as a part of a 
moiety, and so forth. — Gang. 

2 For a cowry shell is in the tale of money the 1 280th part of a dramma^ § 2. 

® BhdgdmilxindhajdUj assimilation of fractional increase, reduction to 
uniformity of an increase by a fraction, or the addition of a part ; from 
anuhandhay junction.— Gan. Bhd.gdpavd^iajdti, assimilation of fraotional 
decrease ; from apavdha^ deduction. — Gan. 

These, as remarked by Ganesa, are merely particular cases of addition and 
subtraction. The fractions may be parts of an integer, or parts of the pro- 
posed quantity itself. Hence we get two sorts of each, named by Gangiidhara 
and Suryaddaa, rupa-hhdgdnuhandhay addition of the fraction of a unit ; rupa- 
hlidgdpavdka, subtraction of the fraction of a unit ; rdsl-hhagdridibaudha^ 
addition of a fraction of the quantity ; rdsi^hhdgdpavdha, subtraction of a 
fraction of the quantity, 

B, M 


9 , 
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Hie integer fe^g multiplied by tiie denominator, the 
numerator is made positive or negative,* provided parts 
of a unit be added or be subtractive. But if indeed 
the quantity be increased or diminished by a part of it- 
self, then, in the addition and subtraction of fractions, 
multiply the denominator by the denominator standing 
underneath*, and the numerator by the same augment- 
ed or lessened by its own numerator. 

[The first part of the rule follows from the identity, a±- 

c 


ae±:h 
c ^ 
uddtac 


and the second part, from the identities, 
ajd ± e) 


c a 


bd bd ' 

* c d 

Hence, if we write ^ underneath ^ we get the second part of 
the rule, 

Tho process may be repeated, if iiecessary. 

An application of this last formula occurs in the examples 
given in § 35.] 

34. Example. Say how much two and a quarter, 
and thi’ee less a quarter, are, when reduced to uni- 
formity, if thou be acquainted with jfractional increase 
or decrease. 

Statement : 2 3 

i i 

Reduced to hpmogeneousness, they become f and 

[In the original a dot (-) is used instead of the sign 


1 Bhana^ positive ; Hna^ negative. 

. * Indian arithmeticians write fractions tinder the quantities to which they 
are additive^ or from which they are subtractive. Jlecordingly^ the niinscva- 
tors and denominators are put in their order » one niiler cttver. 
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35. Example. How much is a quarter a<J4ed tp its 
third part, with a half of the sum, atid how much are 
two-thirds lessened hy one - eighth of them, and then 
diminished by threcfsevenths of the residue ? Tell me 
likewise, how much half less its eighth part, added to 
nine-sevenths of the residue is, if thou be skilled, dear 
woman, in fractional increase and decrease. 

Statement : J, §, ^ 

i. -i. •* 

i) 'f) f / 

Reduced to uniformity, the results are 
[In the above examplea we may apply the last formula given 
in § 33. Thus in the first eiamplo, we have a= 1, 0=4=1, 

(f=3, l,/=2, and all the signs are j^us. Hence the result 

1 X fS-pl) X (2-1-1) . 

IS _______ = and similarly for tlve Other 

two. The same process is exhibited in the Mamranjarm.'\ 

Thk Eight Rules of Arithmetic applied 
TO Fractions.^ 


36. Rule for addition and subtraction of fractions’ : 
half a stanza. The sum or (in the case of subtraction) 
the difference of fractions having a common denomi- 
nator, is (taken). Unity’ is put denominator of a 
quantity * which has no divisor.’ 

[This rule and the others which follow are all ordinary rule’'.] 

^ ... 

* Mhinna-pii7*ikar)M0htistka, the eight mo^es of process, as appUouble to 
fiacttons ; tli© preceding Section relating to those arithmetical processes as 
applicable to integers {abkhmia-parikarmdnhiaha.) 

^ * JBhimm-mnkalUaf addition of fractions ; hhlma-vya^aMita, subtrac- 
tion of fractions. 

*mpa, tl^ species or form; anything having bounds.— Gang. 
singular, the arithmetical unit ; in the plural, any integer. ^ ^ 

* Mdsif a congeries ; a heap of things, of which unity is the of 
numeration ; a quantity or number. 

* That is, it is put denb'tninatot of an integer.^ 
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37. Example. Tell me, dear woman, quickly, how 
much a fifth, a quarter, a third, a half, and a sixth, make 
when added together. Say instantly what the residue 
of three is, subtracting those fractions. 

Statement: I, J, 

Added together the sum is f§. 

Subtracting those fractions from three, the remainder 

is U- 

38. Rule for multiplication of fmctions^ : half a 
stanza. 

The product of the numerators, divided by the pro- 
duct of the denominators, (gives a quotient, which) is 
the result of multiplication of fractions. 

39. Example, What is the product of two and a 
seventh, multiplied by two and a third, and of a moiety 
multiplied by a third ? Tell, if thou be skilled in the 
method of multiplication of fractions. 

Statement : 2 2 

4 h 

Reducing to uniformity we get The product 

is f. 

Statement : ^ f. 

The product is 4- 

40. Rule for division of fractions® : half a stanza. 

After reversing the numerator and denominator of 

the divisor, the remaining process for division of frac- 
tions is that of multiplication. 

41. Example. Tell me the result of dividing five 
by two and a third ; and a sixth by a third ; if thy 


‘ JBhinna-gmana, multiplication of fractions* 
* Minm^hhdgahdra^ division of fractions, 
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understanding, sharpened into confidence, be competent 
for the division of fractions.* 

Statement : 2 

Proceeding as directed, the quotients are and 

42. Rule for involution and evolution of fractions* : 
half a stanza. * 

If the square be sought, find both squares; if the 
cube be required, both cubes : or, to discover the root 
(of cube or square), extract the roots of both (numerator 
and denominator). 

43. Example. Tell me quickly the square of three 
and a half ; and the square root of the square ; and the 
cube of the same ; and the cube root of that cube ; if 
thou be conversant with fractional squares and roots. 

Statement : 3 j j , 

^ or reduced |. 

Its square is of which the square root is The 
cube of it' is ; of which again the cube root is f . 

Section iv. 

Cipher.® 

44 — 45. Rule for arithmetical process relative to 
cipher : two couplets. 

In addition, cipher makes the sum equal to the 
additive.* In involution and (evolution) the result is 
cipher. A definite quantity,® divided by cipher, is the 

* Gaoesft omits the latter half of the stanz ». Gang^dhara gives it entire. 

® JBhinna-varga, square of a fraction ; hhinna-ghana^ cube of a fraction, 

* Sunyay hha^ and other synonyms of vacuum or etherial space ; nought 
or cipher ; a blank or the privation of specific quantity.— Krishna on Viya* 
ganita. 

* Kshepd^ that which iff cast or thrown in ; additive,— Gang, 

* Rdsi. See § 36, 
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tebr»aiti|)le of nought.* The produot of oiphei* is 
nought : but it must be retained as a multiple of eipherj* 
if any further operation impend..' Cipher having be- 
come a multiplier, should nought afterwards become 
a divisor, the definite quantity must be understood to 
beuncbanged. So likewise any quantity, to which 
cipher is added, or from which it- is subtracted, (is 
unaltered), 

[The first four rules are clear. The rule, viz., “ cipher having 
become a multiplier, &c.,” is not accurate. For in- 

determinate, and not=a, as the rule says. The idea of infinUyii 
not introduced hereby the author. It is, however, introduced 
by him in the and also by Canesa in his commentary 

on the above couplets.] 

46. Example. Tell me how much cipher added to 
five is, and the square of cipher, and its square root, 
its cube, and cube root ; and five multiplied by cipher ; 
and how much ten is subtracting cipher ; and what 
number it is, which multiplied by cipher, and added 
to half itself, and multiplied by three, and divided by 
cipher, amounts to a given number sixty-three. 

Statement : 0. Cipher added to 5 makes 6. Square 
of cipher, 0. Square root, 0. Cube of cipher, 0. 
Cube root, 0. 


* Kha^harat a fraction with cipher for its denominator. According to 
the remark of Ganesa, it is an infinite quantity : since it cannot be de- 
termined how great it is. It remains unaltered by the addition cr subtrac- 
tion of finite quantities ; since, in the preliminary operaiion of reducing 
both fractional expressions to a common denominator, preparatory to taking 
their sum or difference, both numerator and denominator of the finite 
quantity vanish. Eangandtha affirms that it is infinite, because the 
smaller the divisor is, the greater is the quotient i. now cipher, being in the 
utmost degree small, ^ives a quotient infinitely greats i < 

* Mhagmm, a quantity which has cipher for its multiplier. Cipher is set 
down by the side of pe multiplicand, to denote it— Gan. 
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Statement : 5. This multiplied by cipher makes 0. 
Statement : 10. This divided by cipher gives* 
Statement; an unknown quantity ; its multiplier, 0; 
additive, \ ; multiplicator, 3 ; divisor, 0 ; given num- 
Tber, 63 ; assumption, 1. , * 

Then, either by inversion or position, as subsequently 
explained (§47 and §50), the number is found, 14. 
This mode of computation is of frequent use in as- 
tronomical calculation. 

[The last example as translated by Colebrooke appears to be 
meaningless and absurd. If we put x for the required number, 
we get the equation, 

which is manifestly absurd. The correct translation, however, 
would lead to the equation, 

— * fad, 

of which ir=14 is a solution.] 



CHAPTER III. 
MISCELLANEOUS RULES. 

Section i. 

Inversion. 

47 — 48. Rule of inversion® : two stanzas. To in- 
vestigate a quantity, one being given,’ make the divisor 
a multiplicator ; and the multiplier a divisor ; the 
square, a root ; and the root, a square® ; turn the nega- 
tive into positive, and the positive into negative. If 
a quantity is to be increased or diminished by its own 
proportionate part, let the (lower’) denominator, being 
increased or diminished by its numerator, become the 
(corrected®) denominator, and the numerator remain 
unchanged ; and then proceed with the other opera- 
tions of inversion, as before directed. 

[The reason for the rule is clear from the example given in 
§ 49. If we want an arithmetical solution of such a problem, 
we must begin from the end, and invert every operation indi- 
cated in the problem. If a quantity is to be increased or dimi- 
nished by its own proportionate part, {.e., if we have an equation 

* PraMrmt miscellaneoua. The rules contained in the first five sections 
o£ this chapter have none answering to them in the Arithmetic of Brahma* 
gupta and Srldhara. 

2 Viloma^vidhii VUoma^kriyd^ Vyasta^vidhi^ inversion, 

3 Drisyaf the quantity or number, which is visible ; the given quantity. 

* And the cube, a cube root ; and the cube root, a cube,— Gan. 

^ Oangddhara. 

^ Gangadhara. 



( 25 ) 


of the form .t; =c, then evidently = 

This explains the latter part of the rule.] 

49. Example. Pretty girl, with tremulous eyes, 
if'thou know the correct method of inversion, tell me 
the number, which multiplied by three, and added to 
three-quarters of the product,* and divided by seven, 
and reduced by subtraction of a third part of the quo- 
tient, and then multiplied into itself, and having fifty- 
two subtracted from the product, and the square root 
of the remainder extracted, and eight added, and the 
sum divided by ten, yields two.* 

Statement : Multiplier 3. Additive f. Divisor 7. 
Decrease J. Square — . Subtractive 52. Square root — . 
Additive 8. Divisor 10. Given number 2. 

Proceeding as directed, the result is 28, the number 
sought. 


Section ir. 

Supposition. 

50. Rule of supposition* : one stanza. Any num- 
ber assumed at pleasure is treated as specified in the 
particular question, being multiplied and divided, 
raised or diminished by fractions ; then the given 
quantity, being multiplied by the assumed number and 


* All the operations are inverted. The known number 2, multiplied by 
the divisor 10 converted into a multiplicator, makes 20 ; from which the 
additive 8, being subtracted, leaves 12 ; the square whereof (extraction of 
the root being directed) is 144 ; and adding the subtractive 52, it becomes 
196 ; the root of this (square being directed) is 14 ; added to its half, 7, it 
amounts to 21, which multiplied by 7, is 147. This again divided by 7 and 
multiplied by 3 makes 63, which, subtracted from 147, leaves 84 ; and this 
divided by 3, gives 2%,— Mam, 

® Iskta-harmani operation with an assumed number. It is the rule of 
false position, supposition, and trial and error. 
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divided by that (which has been found), yields the 
number sought. This is called the process of suppo- 
sition. 

51. Example. What is that number, which multi- 
plied by five, and having the third part of the product 
subtracted, and the remainder divided by ten, and one- 
third, a half and a quarter of the original quantity 
added, gives two less than seventy ? 

Statement : Multiplier 5. Subtractive J of itself. 
Divisor 10. Additive ^ ^ i of the quantity. Given 68. 

Putting 3 ; this multiplied by 5 is 15 ; less its third 
part, is 10 ; divided by 10, yields 1. Added to the 
third, half and quarter of the assumed number 3, viz., 
Iff, the sum is By this divide the given number 
68 taken into the assumed one 3 ; the quotient is 48. 

The answer is the same with any other assumed 
number, as 1, &c. 

Thus, by whatever number the quantity is multiplied 
or divided in any example,, or by whatever fraction of 
the quantity it is increased or diminished, by the same 
should the like operations be performed on a number 
arbitrarily assumed ; and by that, which results, divide 
the given number taken into the assumed one ; the 
quotient is the quantity sought. 

[The rule in § 50 is a clumsy way of solving a simple equa- 
tion. The reason for it will appear below. 

Let X denote the number sought in § 51. 

Then, 5^ X ■§ X -f- ( ^ •j* i = 68 . 

Multiply both sides by any assumed integer k, and we get 

*“^68 X ^:} -i- {ifex 5 X f X + 

Thus we see that there is no need at all of assuming an 
integer k, as the rule directs.] 
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52. Eian4)le of reductioii of a given quantity.* Out 
of a heap of pure lotus flowers, a third part, a fifth find a 
sixth were offered respectively to the gods Siva, Yishnu 
and the Sun ; and a quarter was presented to Bhavhni. 
i'h e remaining six lotuses were given to the venerable 
preceptor. Tell quiclly the whole number of lotuses. 

Statement : J | J 4 ; known 6. Putting one for the 
assumed number, and proceeding as above, the quantity 
is found 120. 

[In Pandit Jivdnanda VidydsAgara’s edition, there is an 
example before this, which is omitted by Colebrooke. It is as 
follows : — 

Out of a herd of elephants, half together with a third part 
of itself was roaming in a forest ; a sixth part together with a 
seventh of itself was drinking water in a river ; and an eighth 
part together with a ninth of itself was playing with lotuses. 
The leader of the herd was seen accompanied by three females. 
What was the number of elephants in the herd ? 

This may be solved either by an arithmetical or an algebrai-^ 
cal method, both being practically the same. Adopting the 
latter, and putting x for the required number, we get the equa- 
tion {Kl + 3 )+Kl+T)+Kl+T)l«+^“i», whence a:=1008. 

It may be observed here that all the examples in this, Section 
are problems producing simple equations, which are solved not 
by the ordinary method of solving simple equations, but by 
the author’s method stated in § 50. They may also be worked 
out by a purely arithmetical method. 

The algebraical solution of the problem in § 52 is as follows : — 

Let X denote the whole number of lotuses. 

Then (^ + i + 6 ~ whence .r =» 1 20] . 


* Drisya redtiobioix of the vipihle or given quantity with fractions 
affirmative or negative; with negative; in the preceding example, 

with affii^mative. 
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63. Example of reduction of residues.* A traveller, 
engaged in a pilgrimage, gave half his money at Praydga ; 
two-ninths of the remainder at Kdd ; a quarter of the 
residue in payment of taxes on the road ; six-tenths qf 
what was left at Gaya ; there remained sixty - three 
nishkas, with which he returned home. Tell me the 
amount of his original stock of money, if you have 
learned the method of reduction of fractions of residues. 

Statement : ^ I ^ xir > known 63. Putting one for the 
assumed number, subtracting the numerator from its 
denominator, multiplying denominators together, and 
in other respects proceeding as directed, the remainder 
is found By this dividing the given number 63 

taken into the assumed quantity, the original sum comes 
out 540. 

Or it may be found by the method of reduction of 
fractional decrease (§ 33). 

Statement : Being reduced to homo- 

geneous form, the result is : whence the sum is 
deduced 540. 

Or this may also be found by the rule of inversion 

(§ 47 ). 

[Let a; denote the original stock in nishkas. Then, at Praydga^ 
there remained ; at Kdsi^ f of this being spent, there re- 
mained f of ; similarly, on the road, there remained | of ^ 
of and at Gayd^ of | of I* of or ; hence we get 
= whence ^*=540.] 

54. Example of reduction of differences.^ Out of a 
swarm of bees, one - fifth part settled on a blossom of 

' Sesha-jdti, assimilation o£ residue ; reduction of fractions of residues or 
successive fractional remainders. 

* Vislesha-jfSiti, assimilation of difference j reduction of fractional differ- 
ences. 
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Kadamha^ and one-third on a flower of sillndhrV ; 
three times the difference of those numbers flew fo the 
bloom of a Kutaja.^ One bee, which remained, hovered 
%nd flew about in the air, allured at the same moment 
by the pleasing fragrance of a jasmine and pandanus. 
Tell me, charming woman, the number of bees. 

Statement : ^ ^ ; known quantity, 1 ; assumed, 30. 

A fifth of the assumed number is 6; a third is 10; 
diflference 4 ; multiplied by 3 gives 12 ; and the re- 
mainder is 2. Then the product of the known quan- 
tity by the assumed one, being divided by this remain- 
der shows the number of bees 15. 

Here also putting unit for the assumed quantity, the 
number of the swarm is found 15t 

So in other instances likewise.* 

[Let .v denote the number of bees. 

Then, 3(^« — = whence «=15.] 


Section hi. 

55. Rule of concurrence : half a stanza. 

The sum with the difference added and subtracted. 


* Kadamha, Nauclea orientalis ot N. Eadamba. 

2 Silindhrff a plant resembling the Kachora. — Krishna or Vija-ganita, 

* Echites antidysenterica. 

* The Manoray^ana introduces one more example, which is there placed 
after the second, and is here subjoined : — “ The third part of a necklace of 
pearls, broken in an amorous struggle, fell to the ground ; its fifth part rest* 
ed on the couch ; the sixth part was saved by the wench ; and the tenth part 
was taken up by her lover j six pearls remained strung* Say of how many 
pearls the necklace was composed.’^ 

Statement : i | S Bern. 6. 

Answer ; 30. 
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being halved, gives the.i two quantities. This is termed 
concurrence.^ ’ 

[Let X and y denote the required numbers. Then, 

^ k, x—y^^l, where k and I are given quantities ; 
whence x=:\ (k + r),y^ \ (k — /).] 

56. Example. Tell me the numbers, the sum of 
which is a hundred and one, and the difference, twenty - 
five ; if thou know the rule of concurrence, dear child. 

Statement : sum 101 ; difference 25. 

The two numbers are 38 and 63. 

57. Rule of dissimilar operation* ; half a stanza. 

The difference of the squares, divided by the differ- 
ence of the radical quantities, gives their sum® ; whence 
the quantities are found in the mode before directed. 

[Lot X and y be the numbers. Then, 
a?—y^'=m, x—y=^n. 

X -i- y ’ &c.] 

58. Example. Tell me quickly, skilful calculatoi', 
what numbers they are, of which the difference is eight, 
and the difference of squares four hundred. 

Statement: difference of the quantities 8; difference 
of the squares 400. 

The numbers are 21 and 29. 


^ SanJtramma, concurrence or mutual penetration |n the shape of sum 
an4 difference. — Gang. Investigation of two quantities ooncurrent or gtpwn 
together in the form of sum and difference.— Gan. Calculation of quantities 
latent within those exhibited, — Sdr. 

® WUltama^h^rmani the finding of tlie quan title®, when the difference of 
their square® is given^ and either the sum or the difference bf the quauti- 
tiesi— Gan. A species Of ooncurrence.—Gi^ng. Sec below, §135. 

® Or divided by theii; sum, gives their difference.-- Gan, 
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Section iv. 

Pboblem conceening Squabes.^ 


A cei’tain problem relative to squares is propounded 
ir^tbe next instance. 

59. Rule. Tbe square of an arbitrary number, mul- 
tiplied by eight apd lessened by one, then halved and 
divided by the assumed number, is one quantity ; its 
square, halved and added to one, is the other. Or 
unity, divided by double an assumed number and added 
to that number, is a first quantity ; and unity is the 
other. These give pairs of quantities, the sum and 
difference of whose squares, lessened by one, are 
squares. 

[Let •» be tbe assumed number. Then, by the first part of 
the rule, the two numbers are, 

1 (8^2-1) and i{ i (8««- 1) + 1. 


The Slim of the squares of these numbers lessened by 1 is 

+ 4 ~ ^ > a perfect square. Similarly, 

the difference of the squares of the numbers lessened by 1 is a 
perfect square. 

Again, by the second part of the rule, the numbers are 


A + „ and 1 ; and |(i + ^ ( 1)2 j - 1 =(i ± n)\ which 

fire perfect squares. 

Hence the reason for the rule is evident,] 


* operation relative to $qnar©8 

admitting innumerable solutions. 


j an indeterminate probiem, 
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60. Tell me, my friend, numbers, the sum and dif- 
ference of whose squares, less one, aiford square roots, 
which dull sraatterers in algebra labour to excruciate, 
puzzling for it in the six-fold method of discovery there 
taught.* 

To bring out an answer by the first rule, let the 
number put be Its square, multiplied by 8, is 2 ; 
which lessened by 1 is 1. This halved is and divided 
by the assumed number ^ gives 1 for the first quantity. 
Its square halved is which, added to 1, makes 
Thus the two quantities are 1 and -|. 

So, putting 1 for the assumed number, the numbers 
obtained are f and -y-. With the supposition of 2, 
they are and 

By the second method, let the assumed number 
be 1. Unity divided by the double of it is which 
added to the assumed number makes §. The first 
quantity is thus found. The second is unity. With 
the supposition of 2, the quantities are f and 1. Put- 
ting 3, they are and 1. 

61. Another Rule.^ The square of the square of an 
arbitrary number, and the cube of that number, res- 
pectively multiplied by eight, adding one to the first 
product, are such quantities, equally in arithmetic and 
in algebra. 

Put The square of the squai’e of the assumed 
number is which multiplied by 8 makes This 

^ TUifl question, found in some copies of tbe text, and interpreted by 
Qang&dhara and the Manoranjana^ is unnoticed by the other commentators, 
[We do not know what the author means by the six^foXd method of discovery, 
Colebrooke does not say anything about it.—Ed.] 

* To bring out answers in whole numbers, the two preceding solutions 
giving fractions,— Gan. and Sur. 
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added to 1 is which is the first quantity. Again 
put Its cube is -I-, which multiplied by 8 gives ‘the 
second quantity 1. Next supposing 1, the two quanti- 
ties are 9 and 8. Assuming 2 , they are 129 and 64. 
Putting 3, they are 649 and 216. And so on, without 
end, by means of various suppositions, in the several 
foregoing methods. . 

It is said that algebraic solution similar to arithme- 
tical rules appears obscure ; but it is not so to the 
intelligent ; nor is it six-fold, but manifold. 

[Let n be the arbitrary number. Then, by the rule, the 
numbers are, -h 1 and 8n* ; 

and { (8n* -f- 1)^ + (8n®)^} — 1 = (4w®)® (2/i®± 1)^, which are per- 
fect squares. 

Hence the reason for the I’ule- is obvious.] 


Section v. 

62 — 63. Rule for assimilation of the root’s coeffi- 
cient' : two stanzas. 

The sum or difference of a quantity and of a multi- 
ple of its square root being given, the square of half 
the coefficient* is added to the given number, and the 
squarfe root of their sum (is extracted ; that root,) with 
half the coefficient added or subtracted, being squared, 
is the quantity sought by the interrogator. If the 
quantity have a fraction (of itself) added or subtracted, 
divide the number given and the multiplicator of the 
root, by unity increased or lessened by the fraction, 

* Mula-jdtij mMa-gunaka-jdti OX uhta-muldnsa-jdti, aBsimilation end re* 
duction of the root’s coefficient with a fraction. 

* Guna, multiplicator ; mula^guna, root’s multiplier, the coefficient of 

the root. ^ ^ 

B, M 


3 
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and the required quantity may be then discovered, 
proceeding with those quotients as above directed. 

A quantity, increased or diminished by its square 
root multiplied by some number, being given, add dm 
square of half the multiplier of the root to the given 
number ; and extract the square root of the sum. 
Add half the multiplier, if the difFei’ence were given ; 
or subtract it, if the sum were so. The square of the 
result will be the quantity sought. 

[The third paragraph is in prose in the original, and is added 
by the author by way of explanation of the two preceding 
metrical rules. 

Suppose we have the equations, 

X ± a\/x = & ( 1 )* 

Then, completing the square, we get 

± cy'J' + (!)’-»*+ (I)’ ! 

Hence the reason for the first part of the rule is clear. It is 
the ordinary nile for solving an equation reducible to a quad- 
ratic by completing the square. 

The second part of the rule is meant for equations of the form 


.r db ””7 •r db a a/ ^ ' 
a 


( 2 ), 


whence we get _ 

CL X 


*v db ‘ 


1 ± 


d 



which is of the form (1), and may he solved as above. Thus 
we see the reason for the second part of the rule.] 

64. Example : the root subtracted, and the differ- 
ence given. One pair out of a flock of geese remained 
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sporting in the water, and saw seven tinaes the half of 
the square root of the flock proceeding to the shore 
tired of the diversion. Tell me, dear girl, the number 
of the flock. 

Statement : coeff. ^ ; given 2. Half the coefficient 
is ; its square added to the given number, makes 
the square root«of which is Half the coefficient 
being added, the sum is ; or, reduced to least terms, 
4. This squared is 16 ; the number of the flock, as 
required. 

[Let a; denote the number of the flock. 

7 _ 

Then, 2 + g ^ > 


.V- 2 a! + 

7 9 

V - 4 ! 




whence x => == 16. 

This is an instance of the first part of the preceding rule.] 

65. Example : the root added, and the sum given. 
Tell me what the number is, which, added to nine times 
its square root, amounts to twelve hundred and forty. 

Statement : coeff. 9 ; given 1240. Proceeding by the 
rule, the required number is 961. 

[Let ^ denote the number required. Then, ^ + 9 ■= 1240, 

whence «.] 

66. Example : the root and a fraction both sub- 
tracted. Of a flock of geese, ten times the square root 
of the number departed for the Mdnasa lake,* on the 


’ Wild geese are observed to quit the plains of India, at the approach of 
the rainy season ; and the lake called Mdnasasarovara is covered with 
water-fowl, especially geese, during that season. The Hindus suppose the 
whole tribe of geese to retire to the holy lake at the approach of rain. 
The bird is Bocrod to Brahin4, [See Baghuvansa^ XIII, 65,-^JEd.] 
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approach of a cloud : an eighth part went to a forest of 
SthUlapadminis^ : three couples were seen engaged in 
sport on the water abounding with delicate fibres of the 
lotus. Tell, dear girl, the whole number of the flock. 

Statement : coeft‘. 10 ; fraction ^ ; given 6. 

Proceeding by the (second) rule (§63), unity, less the 
fraction, is ; and the coefficient dnd the given num- 
ber, being both divided by that, become ^ and 4^^ ; 
and the half coefficient is 4^. With these, proceeding 
by the (first) rule (§62), the number of the flock is 
found 144. 

[Let x denote the whole number of the flock. 

Then, 10 .r 

7 

.'. g m — 10 '\/ X = 6 ; whence ,i\ 

This is an instance of the second part of the rule in § 62 — 63.] 

67. Example. The son of Pritha,* irritated in 
fight, shot a quiver of arrows to slay Kama. With 
half his arrows, he parried those of his antagonist ; 
with four times the square root of the quiver-full, he 
■killed his horses ; with six arro.ws, he slew Salya® ; with 
three he demolished the umbrella, standard and bow ; 
and with one, he cut off the head of the foe. How 
many were the arrows which Arjuna let fly ? 

Statement : fraction ^ ; coeff. 4 ; given 10. 

The given number and coefficient being divided by 
unity less the fraction become 20 and 8 ; and proceeding 
by the rule (§62), the number of arrows comes out 100. 

* The plant intended ia not ascertained. The context would seem to imply 
that it is arboreous, as the term signifies forest. 

, ^ Arjuna, surnamed P^rtba ; his matronymio from Prith^ or Kuutl. 

* One of the Kanravas^ and charioteer of Kama. 
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[Lot .jf denote tho number of arrows. 

Then, ^ a) + 4-/ x + 6 + 3 + l" .r, whence .r.] 

^68. Example. The square root of half the number 
of a swarm of bees is gone to a shrub of jasmin* ; and so 
are eight-ninths of the whole swarm : a female is buz'‘ 
zing to one remainmg male that is humming within a 
lotus in which he is confined, having been allured to it 
by its fragrance at night.* Say, lovely woman^ the 
number of bees. 

Here eight-ninths of the quantity and the root of its 
half are negative ( and consequently subtractive) from the 
quantity : and the given number is two of the specific 
things. The negative quantity, and the given number 
halved, bring out half the quantity sought.® Thus i — 

Statement : fraction coeflP. given 1. 

A fraction of half the qu.antity is the same as half 
the fraction of the quantity ; the fraction is therefore 
set down (unaltered). 

Here proceeding as above directed, there comes out 
half the quantity, 36;' which being doubled is the 
number of bees in the swarm, 72. 


* Mdlnti, jasminum grandiflorum. 

* The lotus being open at night and dosed in tho day, the bee might be 
caught in it.—Gan. 

* In such questions it is necessary to observe whether the coefficient of the 
iroot be so of the root of the whole number, or of that of its part ; for that 
quantity is found, of whose root the coefficient is used. But in the present 
case, the root of half the quantity is proposed ; and accordingly, the half 
of the quantity will be found by the rule. The number given, however, 
belongs to the entire quantity. Therefore, taking half the given number, 
half the required number is to be brought out by the process before 
directed,-— and Siir, 
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[Let /e denote the number of bees. 

Then, + |-« + 2 ««. • 

Put 3 / = ^ and we get 

y~%y ~ y 

whence by the rule in §§ 62-63, we obtain 3 / «= 36, and .V 
X »« 72. 

Thus the reason for the process given in the text is clear. The 
reason given by the author and the commentators is not very 
clear.] 

69. Example : the root and a fraction both added. 
Find quickly, if thou have skill in arithmetic, the quan- 
tity "which added to its third part and eighteen times its 
square root, amounts to twelve hundred. 

Statement : fraction J ; coetF. 18 ; given 1200. 

Here, dividing the coefficient and given number by 
unity added to the fraction (§63), and proceeding as 
before directed, the number is brought out, 576. 

[ Let X denote the number required. 

Then, a; -b ^ ar -b 18 = 1200 ; whence a?.] 

Section yi. 

Rule of Propobtion.* 

70. Rule of three terms* : one stanza. 

The first and last terms, which are the argument and 
requisition, must be of like denomination ; the fifuit, 
which is of a different species, stands between them ; 
and that, being multiplied by the demand and divided 


. * [A more Hteral translation would be *Bule of Three,’ the word in the 
original being Ed.] 

* Trairdsiha^ calculation belonging to a set of three terms.— Gang. Rule 
of Three. Hie first term is pmmdnaf the measure or argument ; the second 
is its fruit, phala, or produce of the argument ; the third is iohchMi tbe dc* 
mand, requisition, desire or question, -^Gan. 
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by the first term, gives the fruit of the demand,^ In 
the inverse method, tkfe operation is reversed.* 

[ The rule is the ordinary mechanical one for solving problems 
involving the Rule of Three,, direct and inverse. It is not shited 
in the light of the principle of proportion, and is practically 
the same as that given in Mr. Barnard Smith’s well-known work 
on Arithmetic, Art. 15.5.] 

71. Example. If two and a half palas of saffron be 
obtained for three-sevenths of a ntshka, say instantly, 
best of merchants, how much is got for nine nishkas. 

Statement ; f f I'. Answer ; 52 palas and 2 karshas. 

[This is an example of the Rule of Three direct. Worked 
out by the principle of proportion, the process will stand thus 

Let X denote the quantity sought in palas. 

Then,’ we evidently have the proportion, 
f : .r : ; f : 9, 

.*. .r X I « X 9, 

X 1= — = 52 J. 

T 

Thus the answer is 52 J palas = 52 palas, 2 karshas. 

The reason for the rule in § 70 is obvious.] 

72. Example. If one hundred and four nishkas are 
got for sixty-three palas of best camphor, consider and 
tell me, friend, what may be obtained for twelve and 
a quarter 

Statement ; 63 104 Answer: 20 nishkas, 3 dram.' 
mas, 8 panas, 3 kakinis, 11 cowry shells and ^th part. 

[This also is an instance of the Rnle of Three direct, and may 
be worked out as above.] 

* lohchTii^pKehlat produce of the requisition, or fruit of the question ; it is 
Of the same denomination or Species with the second term* 

« See §74. 
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73. Example. If a hhdri and one-eighth of rice 
may be procured for fwo dramrrms, say quickly what 
may be had for seventy panas. 

Statement, reducing drammns to panas : 32 f 7* ** 0. 
Answer : 2 khdris, 7 dronas, 1 ddhaka, 2 prasthas. 

[ This is a third instance of the Rule of Three direct.] 

74. Rule of Three inverse.^ 

If the fruit diminish as the requisition increases, or 
augment as that decreases, they who are skilled in ac- 
counts consider the Rule of Three terms to be inverted.* 

When there is diminution of fruit, if there be increase 
of requisition, and increase of fruit if there be dimi- 
nution of requisition, then the inverse Rule of Three is 
(employed.) 

[ This is the ordinaiy definition of inverse variation.] 

75. For instance, when the value of living beings* 
is regulated by their age ; and in the case of gold, 
where the weight and touch are compared^; or when 
heaps* are subdivided ; let the inverted Rule of Three 
terms be (used). 


* Vyasta-t7'airdslka ot Viloma-tTairdsiha^ rule of three terms in rerse, 

2 The method of performing the inverse rule has been already taught 
(§ “ in the inverse method, the operation is reversed;” the fruit 

is to be multiplied by the argument and divided by the demand. — Siir. 

When the fruit increases or decreases, as the demand is augmented or 
diminished, the direct rule {Krama-trairdsika) is used ; else the inverse.-*- 
Oan. 

^ Slaves and cattle. The price of the older is less ; of the younger, 
greater. — Gang, and Siir. 

** Colour on the touchstone. See Alligation, § 101. 

^ See Chap. X. When heaps of grain, which had been meted with a small 
measure, are again meted with a larger one, the number decreases ; and 
when those, which had been meted with a large measure, are again meted 
with a smaller one, there is increase of number.— -Gang, and Sdr. 
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[Some instances of inverse variation are liere mentionecL 
The reason is clear from .the foot-not«s appended. The avfthor 
does not mention the common instance of time and agency re- 
quired for a given piece of work.] 

76. Example of age and price of living beings. If 
a female slave, sixteen years of age, bring thirty-two 
{nishkas), what will one aged twenty cost ? If an ox 
which has been worked two years sell for four nishkas, 
what will one, which has been worked six years, cost ? 

1st Statement : 16 32 20. Answer : 25| nishkas. 

■ 2nd Statement : 2 4 6. Answer : 1^ nishka. 

[ Let X denote the cost in the first example. Then v the 
greater is the age, the smaller is the cost, we have the propor- 
tion, 

16 : 20 a; : 32, 
whence x = “ 25 

Similarly the second example as well as those in the next two 
articles may be worked out.] 

77. Example of touch and weight of gold. If a 
gadydnaka of gold of the touch of ten may be had for 
one nishka (of silver), what weight of gold of fifteen 
touch may be bought for the same price ? 

•Statement : 10 1 15. Answer f 

78. Example of subdivision of heaps. A heap of 
grain having been meted with a measure containing 
seven ddhakas, if a hundred such measures were found, 
what would be the result with one containing five 
ddhakas? 

Statement : 7 100 5. Answer 140. 

79. Rule of compound proportion* : one stanza. 

' [ A more literal translation would be, “ Rule of Five and so forth,” th® 
word in the original being, panchardslMdau. — Ed.] This, which is the com- 
pound Rule of Three, comprises, according to Ganesa, two or more sets of 
three terms (trairdsika') ; or two or more proportions {anup&ta)^ asSdryod&sa 
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« 

In the method of five, seven, nine or inore^ terms, 
transpose the fruit an^divisors*; and the product of the 
larger set of terms, being divide 1 by the product of the 
less set of terms®, the quotient is the produce (sought^) 

[This is practically the same rule, rather incompletely stated, 
(ov solving problems involving the Double Rule of Three, as 
that given in Mr. Barnard Smith’s work on Arithmetic, Art. 
161.* It is a clumsy and a purely mechanical rule, having no 
connection whatever with the principle of proportion. The 
meaning of the phrase, ‘‘ transpose the fruit and divisors, ” 
as explained by Ganesa, will appear from the foot-notes ap- 
pended to the following articles. It should be observed hero 
that “ the product of the larger set ” is not necessarily the 
numerically larger product ; see the example in § 82. For 


observes. Thus the rule of five {pancha-rdsika) comprises two proportious j 
that of seven {sapta-rdsika) three ; that of nine {H iva-rdsUca) four ; and 
that of eleven {ekddasa-rdsika) five. 

* Meanings eleven. Jilano. and Sur. 

* Ganesa and the commentator of the Vdsand understand this last word 
{chhid, divisor) as relating to denominators of fractions ; and the transposing 
of them (if any there be) is indeed right: accordingly the author gives 
under this rule an example of working with fractions (§ 81). But the 
Manoraiijam and Sdryalasa explain it otherwise ; and the latter cites as, 
ancient commentary eu titled Qanita-Kaumudi in support of his exposition, 
“ There are two sets of terms; those Which belong to the argument, and 
those which appertain to the requisition. The fruit in the first set is cajled 
produce of the argument; that in the second is named divisor of the set. 
They are to be transposed, or reciprocally brought from one set to the other ; 
t.e., put the fruit in the second set, aud the divisor in the first. Would it 
not be enough to say, transpose the fruits of botli sets? The author of the 

replies, ‘ the desiguation of divisor serves to indicate that after 
transposition, the fruit of the second set being included in the product 
of the less set of terms, the product of the greater set is to be divided by 
it*. Some, however, intepret it as relative to fractions. But that is wrong ; 
for the word would be superfluous.” [This explanation is not very clear. ^ 
ISd.] 

* Bahu-rdsi-pahsha^ set of many terms. That to which the fruit is 
brought is the larger set.— Gang. Or, if there be fruit on both sides, that, 
in which the fruit of the requisition is, is the larger set.— Gan. Lagh^*r4H* 
paksha, set of fewer terms. 
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the meaning of the term “larger set,” see foot-note 3 p. 42. 
The phrase has been rather loosely usefl.] 

80. Example. If the interest of a hundred for a 
month be five, say what the interest of sixteen is for a 
year. Find likewise the time from the principal and 
interest ; and knowing the time and produce, tell the 
principal sum. 

1 12 

Statement : , aa nr. Answer* : the 

100 16 


Answer* : the 


interest is 9|. 

1 

To find the time; statement: 100 16 

5 

Answer® : months 12. 

1 12 

To find the principal ; statement : 100 

5 

Answer® : principal 16. 

[Worked out by the principle of proportion, the process will 
stand thus : — 

Let denote the interest required. Then, the int. of 16 for 
1 year= int. of 16 x 12 for 1 month; and •/ with a given time. 


* Traneposing the fruit, 


Product of the larger set, 9B0, Quotient. *1® or 
Do. of the less set, 100. ’ lob ^ a 

* TransposiDg both fruits, joo 16 . , 100 16 

18 6 denominator, ^ 

5 

Product of the larger set, 4800, io 

Do. of the less set, 400. ^“"t-ent. 12. 

• Transposing both fruits, and the denominator, 

d® 6 48 6 

^ B 

Product of the larger set, 4800. i r 

Do. of the less set, 800. 
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the interest varies directly as the principal, we get the proportioil, 
100' : 16 X 12 ;; 5 : 
whence « t= 

and the reason for the rule in § 79 is evident. Similarly for tjtie 
other parts of the example.] 

81. Example. If the interest of a hundred for a 
month and one-third be five and one-fifth, say what 
the interest is of sixty*tvvo and a half for three months 
and one-fifth. 

Statement: f 

100 J-|-5- Answer*: interest Tf. 

26. 

5 

[This may be worked out similarly as the preceding example.] 

82. Example of the Rule of Seven. If eight best 
variegated silk scarfs, measuring three cubits in breadth 
and eight in length, cost a hundred {nishkas)-, say 
quickly, merchant, if thou understand trade, what a 
like scarf, three and a half cubits long and half a cubit 
wide, will cost. 

‘ Transposing the fruit, f ^ denominators, 4 16 

100 5 3 

M 100 125 

' 2 

5 26 

1 4 

6 3 

Abridging by correspondent reduction on both sides, ^ ^ and by 

2 

6 26 

1 I 

further reduction, j ^ 

I 

6 13 

. Product of the larger set, 39. 74 

Do. of the less set, 6 . ^ t- 

The abridgment of the work by reduction of terms on both sides by their 
common divisors is taught by the Manorargana, 
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Statement: 


3 

8 

8 

100 


2^ 

1 


Answer’ : Nukka 0, drammas 

* • 


1^, panas 9, kdkinl 1, cowry-sliells 6|. 

[Let X denote the cost required. 

Then the area of cloth in the first case 
= 8 X 3 X 8 sq. cubits ; 
and in the second case 
= 1 X Y X i sq. cubits. 

Hence, the quality of the cloth remaining the same, we get the 
proportion, 

8 X 3 X 8 : 1 X I X ^ : 100 : .r, 


whence 

and the reason for the process given in the foot-note is evident.] 
83. .Example of the Rule of Nine. If thirty benches, 
twelve fingers thick, square of four wide, and fourteen 
cubits long, cost a hundred (nishkas) ; tell me, my 
friend, what price fourteen benches will fetch, which 
are four less in every dimension. 


Statement : 


12 

16 

14 

30 

100 


8 

Answer*: nishkas 16|. 

10 

14 


^ Tranepoeing fruit and denominators, 


3 

2 

8 

2 

8 


1 

7 

1 

100 


Product of the larger sefe, 700. a u o i 

Do. of the less set, 768. h 


Transposiug fruit, 


12 

16 

U 

30 


8 

12 

10 

14 

100 


product of the larger set, 100. 

Do. of thelessset, g. Quotient, 16 ?. 


Abridging by 

correspondent 
reduction on 
both sides, 


1 

1 

1 

1 

100 
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[Here,’ putting x for the price, and proceeding as above, we 
getithe proportion, 

80 X 12 X 16 X 14 X 24 : 14 X 8 X 12 X 10 X 24 :: 100 : ie, 
whence x is known.] 

84. Example of the Rule of Eleven, If the hire 
of carts to convey the benches of the dimensions first 
specified (in the preceding exanjple), through a dis- 
tance of one league {gavydti^) be eight drammas ; say 
what the cart-hire should be for bringing the benches 
last mentioned, four less in every dimension, through 
a distance of six leagues. 

12 8 

Statement . jg ^2 Answer®: drammas 8. 

14 10 

30 14 

1 6 

8 

[Let . 2 * denote tlie cart-hire required. 

Then in the first case, solid content of benches « 30 X 12 X 
16 X 14 X 24 cubic fingers, and they are carried through a 
distance of 1 league ; and in the second case, solid content 
of benches « 14 x 8 x 12 x 10 x 24 cubic fingers, and they are 
carried through a distance of 6 leagues, which is the same as a 
solid content of 14 X 8 x 12x10x24 X 6 cubic fingers carried 
through 1 league ; 
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hence, Since for a given distance, the hire will vary directly as 
the solid content of benches carried, we get the proportion, > 

30 X 12 X 16 X 14 X 24 X 1 : 14 X 8 X 12 X 10 X 24 : X 6 :: 
8 • ^ 

85. Rule of barter* ; half a stanza. So in barter 
likewise, the same .process is (followed) ; transposing 
both prices, as well as the divisors.* 

[The reason for the rule will appear from the example which 
follows.] 

86. Example. If three hundi’ed mangoes be had 
in the market for one dramma, and thirty ripe pome- 
granates for a pana ; say quickly, friend, how many 
should be had in exchange for ten mangoes. 

Statement : 16 1 Answer* ; 16 pomegranates. 

300 30 

10 


* BMnda-prati’hhdfidalia^ commodity for commodity ; computation of 
the exchange of goods {vastu-mnimaya-gayiita, — Gang.); barter. 

* Gang4dhara, Sdryadasa and the Manoranjana, so read this passage, 
hardnscha-mulye. But Ganesa and Ranganatha hare the affirmative adverb 
saddhi (always) in place of tbe word Jiardimha {and the divisors). At all events, 
the transposition of denominators takes place, as usual ; and so does that 
of the lowest term or fruit, as in the Rule of Five, to which, as Sdryaddsa 
remarks, this is analogous. It comprises two proportions, thus stated by 
bim from the example in the text If for one pana^ thirty pomegranates 
may be had, how many for sixteen? Answer, 480. Again, if for 800 
mangoes, 480 pomegranates may be had, how many for ten? Answer, 16, 
Here thirty is first multiplied by sixteen and then divided by one; and 
then multiplied by ten and divided by three hundred. For brevity, the 
prices are transposed, and the result is the same.” 

* Transposing the prices, Jq and transposing the 

iU 


frnit, 


300 


16 

80 


10 


Ft duct of the larger Fet, 4800, 

1)0. oftheles^Bet, 300. 
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[The example involves two proportions, as Siiryadasa observes. 
F4rst find Low many pomegranates can be bad for one 
dramma or 16 panas. 

Putting y for this number, we get 
30 : y :: 1: 16, 

7/ = 30 X 16. 

Hence by the question, 300 mangoes are equivalent to 
30 X 16 pomegranates. 

Then, putting x for the number of pomegranates required, we 
get the proportion, 

300 : 10 30 x 16 : 

whence x =« 16, 

o U U 

and the reason for the rule in § 85 is obvious.] 



CHAPTER IV. 

investigation of mixture.^ 

Section i. 

Intebest. 

87—88, Rule ; a stanza and a half.^ 

The argument^ multiplied by its time, and the fruit 
multiplied by the mixed quantity’s time, being several- 
ly set down, a||d divided by their sum and multiplied 
by the mixed quantity, are the principal and interest 
(composing the quantity). Or the principal being 
found by the rule of supposition (§50), that, taken 
from the mixed quantity, leaves the amount of interest. 

[The rule refers specially to the example given in § 89. By 
the word argument is meant 100, and by the word fruit is meant 
the interest on 100 for 1 month, or, as we would call it, the rate 
per cent, per mensem. 

Let r «* rate per cent, per mensem. 
t « time in years, 

F s= principal. 

/« interest. 

Ate amount. 

* Misra-ffaveikdra^ iavestig^atioii of mixture, ascertain meut of compusi* 
tiott, as principal and interest, and so forth.— Gan. It is chiefly grounded 
on the rule of proportion. — Ihid» The rules in this chapter bear reference 
to the examples which follow them. Generally they are qumstiones 
problems for exeroise, 

t To inveptigate the principal and interest, the amount, time and rate 
being giToni.**^an,. , 

♦ Prandmy argument ; pkaUy fruit (§ 70) : principal and interest. 
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9 


Then, J= 
.\A^P 
:.P 


PxfX 12xt 


100 

{M. 


j-x 12x< 
100 


Ax 100 


\ p^l00 + rxl2x< 

|=PX— , 

J,X rX 12xi 


100+»’X 12x< 


, and J= 


100 + rxl2x« 


The last two formulae stated in words give the first part of the 
rule. It is evident that these formulae may also be derived 
by a simple proportion, as observed by Ganesa. 

In the latter part of the rule, the principal is found by the 
author’s method of supposition, which is practically the same as 
the solution of a simple equation.] 


89. Example. If the principal sum, with interest 
at the rate of five on the hundred by the month, amount 
in a year to one thousand, tell the principal and interest 
respectively. 

Statement : 1 12 

100 1000. 

5 

Answer': principal, 625 ; interest, 375, 

Or, by the rule of position, put one ; and proceeding 
according to that rule (§ 50), the interest of imit.y is 
f, which, added to one, makes |. The given quantity 
1000, multiplied by unity and divided by that (|b 
shows the principal 625. This, taken from the mixed 
amount, leaves the interest* 375. 

[The second solution follows the latter part of the preceding 
rule. 


* 100 multiplied by 1 is 100 ; 5 by 12 is 60. Their sum 160 is the divisor. 
The first number 100, multiplied by 1000, and divided by 16P, is 626, The 
Beooud 60, multiplied by 1000, and divided by 160, gives 876.— Gang. 

® Or the principal being knowp, the interest may be found by the Eule of 
Five.-Sdr. 
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Lot denote tlio principal required. Then v the rate per 
cent, per annum is 60, we get 



, 1000 n 

whence J 

1 4“ V 


90. Rule^ : The qfguments taken into their respec- 
tive times are divided by the fruit taken into the elapsed 
times ; the several quotients, divided by their sum and 
multiplied by the mixed quantity, are the parts as 
severally lent, 

[The rule refers specially to the example in § 91. 

Let cr, 2 ^, be the portions lent at per cent, per 

mensem, and let common interest in mouths respec- 

tively. 

Then, + ^ = a given quantity ; 

, .xXriXt^ y X To xin zx X ^ , j 

an '~~Jm 100”^“ 

100 X 1 , 100 X 1 . 100 X J 

if : y \ z : ; ; 

f 1 X T^X f 3 X 

. _ 100X1^ a 

' “ r.xti 100 X I ^ 100x1 ^ 100 x V 
TiXt I ToX X ^3 

with similar values for y and 0 . Hence the rule. Ganesa’s ex- 
planation is practically the same as the above, but it is rather 
obscure : see footnote 2.] 

91. Example. The sum of six less than a hundred 
nishkas being lent in three portions at interest of five, 
three and four per cent., an equal interest was obtained 
on all^ three portions, in seven, ten and five months 
respectively. Tell, mathematician, the amount of each 
portion,* 

^ For determining parts of a compound sum.— Sdr. 

® Since tbe amount of interest on all the portions is the same, put unity 
for its arbitrarily assumed amount: wbowce corresponding principal sums 
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« 

Stateixient ; 17 1 10 15 

100 100 100 

5 3 4 

Mixed amount 94. 

Answer* : the portions are 24, 28 and 42. The equal 
amount of interest is 8#. 

92. Rule® : half a stanza. 

The contributions® being multiplied by the mixed 
amount and divided by the sum of the contributions, 
are the respective fruits.^ 

[If we divide the mixed amount into parts proportional to 
the contributions, we shall get the mixed amount as due to each 
contribution. And this amount less the contribution is the gain. 
Hence the reason for the rule is obvious.] 

are found by the Rule of Five, For instance, if a hundred be the capital, of 
which five is the interest for a month, what is the capital, of which unity is 
the interest for seven months? and in like manner, the other principal sums 
are to be found. Thus, a compound proportion being wrought, the time is 
multiplied by the argument to which it appertains, and divided by the fruit 
taken into the elapsed time. Then, as the total of those principal sums is 
to them severally, so is the given total to the respective portions lent. They 
are thus severally found by the Rule of Three. — Gan. ^ 

* Multiplying the argument and fruit by the times, and dividing one pro- 
duct by the other, there result the fractions Yo®? W» Vj ; 

which reduced to a common denominator and summed, make VVs-- Multi- 
plied by the mixed amount 91, the fractions become ; and 

then divided by the sum they give If i-%^, or 24, 28, 42. — J^Iano. 

1 7 

To find the interest, employ the Rule of Five; 100 24. Answer, 8|. By 
' 6 

the same method, with all three portions, the interest comes out the same. — 
Sdr, 

® The capital sums, their aggregate amount, and the sum of the gains* 
being given, to apportion the gains. — Gan. 

” ® Praksh&palM^ that which is thrown in or mixed. — Gan. Joined together, 
.^dr. 

* The principle of the rule i» obvious, being simply the Rule of Threet 
— Gau. 

If by this sum of contributions, this contribution be had, then by the com- 
pound sum what will be ? The numbers thus found, less the contributions, 
are the gains. —RangAndtha on the Vd$and^ 
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93. Example. Say, mathematician, what the ap- 
portioned shares are of three traders, whose original 
capitals were respectively fifty-one, sixty-eight and 
ei^ty-five, which have been raised by commerce con- 
ducted by them on joint stock, to the aggregate amount 
of three hundred. 

Statement: 51, 68*, 85; sum, 204. Mixed amount, 
300. 

Answer: 75,100,125. These, less the capital sums, 
are the gains : viz., 24, 32, 40. 

Or the mixed amount, less the sum of the capitals, is 
the profit on the whole ; viz., 96. This being multi- 
plied by the contributions and divided by their sum, 
gives the respective gains : viz., 24, 32, 40. 

[The whole gain being divided into parts proportional to the 
contributions, gives the respective gains.] 


Section ii. 

94. Rule*: half a stanza. Divide denominators by 
numerators ; and then divide unity by those quotients 
added together. The result will be the time of filling 
(a cistern by several fountains). 

[The rule refers to an example of the class given in § 95. 

Let the times in which the fountains can severally fill the 

cistern be &c., of a day. Then in one day, the parts 

of the cistern filled up by the fountains severally are-S 
.‘.if they work together, the part filled in one day will be 

<*1 

To apportion the time for a mixture of springs to fill a well or cistern, 
— ^Oan. To solve an instance relative to fractions*— Sfir. 
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time in which the whole cistern will be filled*^ t 

of a day, 

whence the reason for the rule is evident. The explanations of 
this rule given by the commentators are all vague and unsatis- 
factory.] 

95. Example. Say quickly, friend, in what portion 
of a day (four) fountains, being let loose together, will 
fill a cistern, which, if severally opened, they would fill 
in one day, half a day, the third, and the sixth part, 
respectively. 

Statement : 

Answer : j^ath part of a day. 

Section hi. 

Purchase and Sai.e. 

96. Rule.* By the (measure of the) commodities,* 
divide their prices taken into their respective portions 
(of the purchase); and by the aum of the quotients 
divide both them and those portions severally multi- 
plied by the mixed sum : the prices and quantities are 
found in their order. 

[ The reason for the rule will appear from the solution o-f the 
example in § 97.] 

97. Example. If three and a half mdnas^ of rice 
may be had for one dramina, and eight of kidney-beans* 

^ For a case where a mixture of portions and ooinp.>sitiou of things are 
given.-— Oan. Ooncerniug measure of grain, kQ. — Stir. 

* Vanya, the measure of the grain or other commodity procurable for the 
current price in the market.— Stir, and the Mano. 

* Mdna or mdtiahi, a measure ; seemingly intending a particular one. 
According to Ganesa, the mam (apparently the same as t)ie mdm) is at moat 
an eighth of a kMri ; being a cubic spnn. See note to § 236. A spurious 
ocuplet (see note on § 2) makes it the modern measure of weight containing 
forty sers* 

* Miidga, phaseolus mungo ; a sort of kidney^bean. 
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for the like price, take these thirteen kdkinis, merchant, 
and give me quickly two parts of rice with one of ^;id- 
ney-beans ; for we must make a hasty meal and depart, 
since my companion will proceed onwards. 

Statement : f Mixed sum 

The prices, multiplied by the porcions J-, and 

divided by the goods f, make the sum of which 

is 11^. By this divide the same fractions f, taken 

into the mixed sum ; and the portions f, taken 

into that mixed sum There result the prices of 
the rice and kidney-beans, ^ and j of a dranima ; or 
10 kdkinis and 13| shells for the rice, and 2 kdkinis and 
6f shells for the kidney-beans ; and the quantities are 
tV and ^ of a mdna of rice and kidney -beans respec^ 
tively. 

[ Let X denote the mdnas of kidney-beans. 

Then 2,r will denote the mdnas of rice. 


Now the price paid = of a dramma ; 
2 .r X I -h X I- = If ; 


Whence x ( f 

X 


and 2x 

and the prices are, 
and 


+ i) 

1 X if 

t + i"* 

2 X U 
X I « 

7 V ^ — 


7 


7 « 

T2 > 

7 

1 

0* 


Hence the reason for the rule is evident. General formnlce 
corresponding to the rule in § 96 may be easily established. It 
is, however, not worth while to do so. 


The example in § 98 may be worked out in a similar manner.] 
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98. Example. If a pala of best camphor may be 

ball for two wfsAAas, and & pala of sandal-wood* for the 
eighth part of a and halfa^^a^a of alee- wood* 

also for the eighth of a dramma, good merchant, give me 
the value of one nishka in the proportions of one, sixteen 
and eight ; for I wish to prepare a perfume. 

Statement: 32 Mixed hum 16. 

1 1 i 
1 16 8 

Answer. Prices ; drammas, 14f, f, f. 

Quantities : palas, 

Section iv. 

99. Rule. Problem concerning a present of gems.* 

F rom the gems subtract the gift multiplied by the per- 
sons ; and any arbitrary number being divided by the 
remainders, the quotients are numbers expressive of the 
prices. Or the remainders being multiplied together, 
the product, divided by the several reserved remainders, 
gives the values in whole numbers. 

[ The reason for thfe rule will appear from the solution of the 
example in § 100, to which the rule specially refers.] 

100. Example. Four jewellers, possessing respec- 
tively eight rubies, ten sapphires, a hundred pearls, and 
five diamonds, presented, each from his own stock, one 
apiece to the rest in token of regard and gratification at 
meeting ; and they thus became ownei’s of stock of pre- 
cisely equal value. Tell me severally, friend, the prices 
of their gems. 

— - — ^ . 

; santalum albuxn* 

® aquillaria agalloclitim. 

• TUe problem ie all indetermiadte one; The solwiion giireis relative vdlnes 

'Only. . ' •, ' 
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Statement : rub, 8 j sapph. 10 ; peai’ls 100 ; diam. 5 ; 
gift 1 ; persons 4. 

Here, the product of the gift 1 by tbe persons 4, 
viz.^ 4, being severally subtracted, there remain rubies 4, 
sapphires 6, pearls 96, diamond 1. Any number arbi- 
trarily assumed being divided by these I'emainders, the 
quotients are the relative values. Taking it at random, 
they may be fractional values ; or by judicious selec- 
tion, whole numbers Thus, put 96 ; and the prices 
thence deduced are 24, 16, 1, 96 ; and the equal stock 
233. 

Or the remainders being multiplied together, and the 
product severally divided by those remainders, the 
prices are 578, 384, 24, 2304 ; and the equal amount 
of stock (after interchange of presents) is 5592. 

[ Let the relative values of a ruby, sapphire, pearl, and dia- 
mond be respectively x, y, z, w. Then we shall evidently get 
from the conditions of the problem the following equations : — 
bx-\-y-^z+w 
= ly+x-i-z+w 
= ^lz-\-x-\-y-^w 
= 2tc-\-x-\-y ^z 

4.«=6y=96«=:M)=A: suppose ;then x- y- I, h 

4 o yo 

Putting h = lj, C. M. of 4, 6, 96, i.e., 96, wo get the least 
integral values of x, y, z, w, viz., 24:, 16, 1, 96 ; and putting k 
«= product of 4, 6, 96, we get for x, y, z, w, the values 576, 384, 
24,2304. 

The reason for the rulb in § 99 will be evident from the above 
algebraical solution. The coefficients of x, y, &c. in the final 
equations will be 

= the no. of the respective gems — the no. of that gem given 
to each person x the no. of persons altogether, 

Por instance, if there were 9 rubies, and each presented 2 
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from his pocket to each of tho rest, the coefficient of a in the 
left hand side of the first equation would have been 3 ; and 
that of * in the right hand side would have been 2 ; thus 
the coefficient of x in the simplified equations would have b^en 
1, i.e., 9-4x2, which agrees with the rule in § 99. 

Sdryaddsa cites the Vlja-ganita for the solution of the pro- 
blem, Ranganatha gives an arithmetical explanation which, 
however, is meaningless add obscure.] 

Section v. 

Alligation.* 

101. Rule.* The sura of the products of the touch® 
and (weight of several parcels)" of gold being divided 
by the aggregate of the gold, the touch of the mass is 
found : or (after refining) being divided by the fine gold, 
the touch is ascertained ; or divided by the touch, the 
quantity of purified gold is determined. 

[This is simply the ordinary rule for alligation medial. We 
may consider the prices per mdsha of the several kinds of gold 
as proportional to the fineness. The reason for the rule is obvi- 

OHS.] 

102 — 103. Example. Parcels of gold weighing 
severally ten, four, two and four mdshas, and of the 
fineness of thirteen, twelve, eleven and ten respectively, 
being melted together, tell me quickly, merchant, who 
art conversant with the computation of gold, what the 
fineness of the mass is, If the twenty mfishas above 

* Suvarna-ganita, computntiou of gold, that is, of its weighrand fiueu^s7 
alligation medial. 

« To find the fineness produced by mixture of parcels of gold ; and, after 
refining, to find the weight, if the fineness be known ; and the fineness, if 
the weight of refined gold be given.— Gan. 

* Varna^ colour of gold on the touchstone ; fineness of gold determined 
by that touch. See § 77. “ The degrees of fineness increase as the weight 
is reduced by refining,”-^ Gan. 

* Gang. 
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described be reduced to sixteen by refining, tell me in- 
stantly the touch of the purified ma,ss. Or, if its purity 
when refined be sixteen, prithee, what is the number to 
which the twenty mdshas are reduced ? 

Statement : touch 13 12 11 10; 

weight 10 4 2 4. 

Answer^: after nlelting, fineness 12 ; weight 20. 

After refining, the weight being sixteen mdshas^ the 
touch is 15. The touch being sixteen, the weight is 1 5. 

104. Rule.* From the acquired fineness of the 
mixture, taken into the aggregate quantity of gold, 
subtract the sura of the products of the weight and 
fineness (of the parcels, the touch of which is known), 
and divide the remainder by the quantity of gold of un- 
known fineness ; the quotient is the degree of its touch.* 

105. Example. Eight mdshns of ten, and two of 
eleven by the touch, and six of unknown fineness, being 
mixed together, the mass of gold, my friend, became of 
the fineness of twelve ; tell the degree of unknown 
fineness. 

Statement : 10 11 Fineness of the mixture 12. 

8 2 6 . 

Answer: degree of the unknown fineness 15. 

[Lot A* denote the unknown fineness. Then, (8-h2 + 6)xl2 
«= 8 X 10 -|-2xll“l-fiXA’, 

, (8-h2-f6)xl2-(8xl0-f2xll) „ 

whence ^ The reason for 

D 

the rule in § 104 is obvious.] 

* Products KiO, 48, 22, 40. Their sum 240, divided by 20, gives 12 ; divid- 
ed by 16, gives 16, 

* To discover the fineness of a parcel of unknown degree of purity mixed 
with others of which the touch is known.— Gan, 

’ The rule beiug the converse of the preceding, the principle of it is 
obvious,— Hang. 
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106. Rule.' The acquired fineness of the mixture 
being multiplied by. the sum of the gold (in the known 
parcels), subtract therefrom the aggregate products of, 
the weight and fineness (of the parcels) : divide the 
remainder by the difference between the fineness of the 
gold of unknown weight and that of the mixture, the 
quotient is the weight of gold that was unknown. 

107. Example. Three mdshaa of gold of the touch 
of ten, and one of the fineness of fourteen, being mixed 
with some gold of the fineness of sixteen, the degree 
of purity of the mixture, mV friend, is twelve. How 
many mdshas are there of the fineness of sixteen ? 

Statement : 10 14 16. Fineness of the mixture 12. 

3 1 

Answer : mdsha 1. 

[Let X denote the number of mdslias required. 

Then, (3 + 1+^) X 12 = 3 x 10 + 1 X 14 + ir x IG ; 

(3 + l)xl2 -(3x10+1x14) 

16-12 

whence the rule in § 106.] 

108. Rule.‘^ Subtract the eflPected fineness from 
that of the gold of a higher degree of touch, and that 
of the one of lower touch from the eflfected fineness ; 
the differences, multiplied by an arbitrarily assumed 
number, will be the weights of gold of the lower and 
higher degrees of purity respectively. 

109. Example. Two ingots of gold, of the touch 
of sixteen and ten respectively, being mixed together, 

* To find the weight of a parcel of known fineness, but unknown weight, 
mixed with other parcels of know'n weight and fineness.— Gran. 

To find the weight of two parcels of given finen©$i| and unhffiowii 
weight.— Gun. and Mti The problem is an iiideteminate one, as is intimated 
bjr the author. . ; 
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the gold became of the fineness of twelve. Tell me, 
friend, the weight of gold in both lumps. 

Statement : 16,10. Fineness resulting 12. 

* Putting one, and proceeding as directed, the weights 
of gold are found, mdshas 2 and 4. Assuming two, 
they are 4 and 8. Taking half, they come out 1 and 2. 
Thus, manifold answers are obtained by varying the 
assumption. 

[Let x and y be the weights required. 

Then, a; x 16 + y x 10 = (.v -j- y) x 12 ; 

.•.(16-12)0! ' =(12-10) Xy; 

.V 12-10 

y ~ 16-12’ 

.v=(12 - 10) k,y = (16-12) k, 
where ^ Is any positive quantity. 

The general solution in positive integers evidently is, x = 
k, y = 2k, where k is any positive integer. 

The reason for the rule in § 108 is obvious.] 


Section vi. 

Peumutations and Combinations. 

110 — 112. Rule' : three stanzas. 

Let the figures from one upwards, differing by one, 
put in the inverse order, be divided by the same (arith- 
meticals) in direct order ; and let the subsequent be 
multiplied by the preceding, and the next following 
by the foregoing (result). The several results are the 
changes, ones, twos,, threes, &c.® This is termed a. 

* To find the possible permutations of long and short syllables in prosody ; 
combinations of ingredients in pharmacy ; variations of notes, &o., in music ; 
us well as changes in other instances. •^•Gan. 

• According to Ganesa, there is no demonstration of the rule, besides 
acceptation and experience. [This, libwover, is not correct.*— Ed.] 
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general rule.^ It serves in prosody, for those versed 
therein, to find the variations of metre ; in the arts (as 
in architecture) to compute the changes upon apertures 
(of a building) ; and (in music) the scheme of musi- 
cal permutations®; in medicine, the combinations of 
different savours. For fear of prolixity, this is not 
(fully) set forth. 


[The reason for the rule will appear from the solution of the 
example which follows.] 

113. A single example in prosody. In the per- 
mutations of the Gdyatii metre,® say quickly, friend, 
how many the possible changes of the verse are ; and 
tell sever.ally, how many the permutations are with 
one, (two, three,) &c., long syllables. 

Here the verse of the Gdyatri stanza comprises six 
syllables. Wherefore, the figures from one to six are 
set down, and the statement of them, in direct and 


inverse order is 


6 5 4 3 2 1 
1 2 3 4 5 6* 


Proceeding as directed, 


the results are : — changes with one long syllable, 6 ; 
with two, 15 ; with three, 20 ; with four, 15 ; with five, 
6 ; with six, 1 ; with all shoi’t, 1. The sum of these 
is the whole number of permutations of the verse, 64. 

* Commentators appear to interpret this as a name of the rule here 
taught ; sddhdraiuL^ or sddhdrana^ohluindogamta^ general rule of prosodian 
permutation, subject to modification in particular instances, as in musici 
where a special method {mddhdvam) must bo applied- — Gang, and Siir. 

* Klhauda-merUf a certain scheme. — Gan. It is more fully explained by- 
other commentators; but the translator is not sufficiently oonversant with 
the theory of music to understand the term distinctly. 

* The Gdijatri metre in sacred prosody is a triplet comprising twenty- 

fonr syllables, as in the famous prayer containing the Brahmanioal creed, 
called OdyatH lliigvffdaf Mandala 3, 62, rih 10. — Ed.] See As. Ree., 

vol. X, p. 463. But in the prosody of profane poetry, the same number of 
syllables is distributed in a tetrastio ; aud the verse consequently contains 
six syllubles. (As. Res., vol. X, p. 469.) 
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In like manner, setting down the numbers of the 
whole tetrastic, in the mode directed, and finding 'the 
changes with one, two, &c., and summing them, the 
permutations of the entire stanza are found, 
viz., 16777216. 

In the same way may be found the permutations of 
all varieties of metiie, from Ukthd (which consists of 
monosyllabic verses) to Uthiti (the verses of which 
contain twenty-six syllables).* 


[In the Gdyatri metre, the number of syllables is 6. In 
finding the number of changes with one long and the 
rest Jive short syllables, we have to find the permutations 
of 6 things taken all at a time, when one of them is of one 
kind, and the rest, of another kind. Hence the number of 


changes = 



, which is precisely the number of combi- 


nations of 6 things taken 1 at a time. Similarly-, in finding the 
number of changes with two long, and therefore the rest four 

|6 

short, we get the number ’ *bus finally 


the total number of changes = sum of combinations of 6 things 
taken 1, 2, 3, 4, 5, 6, at a time -f 1 (with all short syllables) 
= (28-1) -h 1 = 64. 

II _ 6 . !A 6 X 5 
15 " 1 ’ 12 14 ”lx2 


Now 


&c. 


Hence the reason for the rule is clear. 


If the aggregate number of changes only is wanted, this 
can be found at once from the proposition, the total num- 
ber of combinations of n things taken 1, 2, 3 n at a time 

1 (see Todhunter’s Algebra, art. 515). This proposition 
is given in a concrete shape in § 130 — 131, 


* As. Res., vol. X, pp. 468—478, 
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Similarly, taking the whole tetrastic, i.e., 24 syllables, the 
total number of changes ** (2^—1) + 1 (with all short sylla- 
bles) -16777216.] 

114, Example, In a pleasant, spacious and elegant 
edifice, with eight doors,* constructed hy a skilful archi- 
tect, as a palace for the lord of the land, tell me the 
permutations of apertures taken one, two, three, &c.® 
Say, mathematician, how many are the combinations 
in one composition, with ingredients of six different 
tastes, sweet, pungent, astringent, sour, salt and bitter,® 
taking them by ones, twos, threes, &c. 

Statement, first example ; 

87654321 

12345678’ 

Answer ; the number of ways in which the doors 
may be opened by ones, twos, threes, &c., is 8, 28, 56, 
70, 56, 28, 8, 1, respectively. And the changes on the 
apertures of the octagonal palace* amount to 255. 

Statement, second example : 

654321 

1 2 3 4 5 6‘ 

Answer : the number of various preparations with 
ingredients of divers tastes is 6, 15, 20, 15, 6, l.“ 

[In the first example, the total number of variations — 2® 
— 1 — 255. The case of all the windows being shut is not taken 

* Mmhdt aperture for the admission of air ; a door or window ; (same 

with 0au.) A portico or terrace, Gang, and 

* The Variations of one window or portico open (or terrace hnreofed) 
and the rest closed ; two open, and the rest shut ; and so ferth, 

* marga-varga^MT^ 

* An octagonal huilding, with eight doors or windows Or porticos Or ter- 
fiboes facing the eight cardinal points of the horieon, is ineant --Gan, 

* Total nnmber of possible combinations is 6$.--Gang. 
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into account ; otherwise the total number of variations would 
be 256. 

The second example from its very nature is a case of combi- 
nations and not of permutations, we have to find the num- 
bef of combinations of 6 things taken 1, 2...... 6 at a time. 

The rule in §110 — 112, however, equally applies, as has been 
explained above. The total number of combinations in this 
case«2«-l«63.] 


B, M 


5 



CHAPTER V. 
PROGRESSIONS.* 


Section i, 

Aeithmeticae Pboqeession. 

115. Rule.® Half the period® multiplied by the 
period added to unity, is the sum of the arith meticals 
one, &c., and is named their addition.* This, being 
multiplied by the period added to two, and being divid- 
ed by three, is the aggregate of the additions.® 


* SredM, a term employed by the older authors for any set distinct subs- 
tances or other things put together. — Gan. It signifies sequence or progres- 
sion. Sredhi-vyavakdruy ascertainment or determination of progressions. 

® To find the sums of the arithmetioals, Gan. 

® Pada, the place.— Gan. Any one of the figures or digits, being that of 
which the sum is required. — Sfir. The last of the numbers to be summed. — 
Mano. See below, note tp §119. 

* Sankalita, the first sum or addition of arithmetioals. Sankalitaikya, 
aggregate of additions, summed sums or second sum. 

* The first figure is unity. The sum of that and the period being halved, 

is the middle figure. As the figures decrease behind it, so they increase 
before it: wherefore the middle figure, multiplied by the period, is the sum 
of the figures one, &c,, continued to the period The only proof of the rule 
for the aggregate of sums is acceptation. — Gan, [This last remark is not 
correct. The proof of the formula for the sum of the first n arithmetioals 
given by Ganesa does not apply where n is even, but requires to be modi- 
fied. In that case, the sum of any two terms equidistant from tbe first 
and last « ; whence the sum of n terms evidently (^+1).— Ed.] It 

is a maxim, that a number multiplied by the next following arithmetical, 
and halved, gives the sum of the preceding; wherefore, &c.— Sdr. Kamald- 
kara is quot^ by Ehngan4tba for a demonstration grounded on placing tbe 
numbers of th^^serles in the reversed order Under the direct oUe and 
adding the two series— [the lame proof as that given in modern works on 
Algebra, ^ Bd J 


( 67 ) 


[H-2+3......to w terms By “the aggregate 

of the additions,” the author evidently means the sum of n term? 
of the' series whose nth term is ^ n (n + 1), in other words, the 
sftm of n triangular numbers. This sum is ^ n (n + 1) (n + 2) 

See Todhunter’s Algebra, Art. 666. The 

reason for the rule is obvious.] 

116. Example. Tell me quickly, mathematician, 
the sums of the several (progressions of) numbers one, 
&c., continued to nine ; and the summed sums of those 
numbers. 

Statement : arithmeticals *.1 23456780. 

Answer : sunas ; 1 3 6 10 15 21 28 36 45. 

Summed sums : 1 4 10 20 35 56 84 120 165. ‘ 

117. ' Rulei,^ Twice the period added to one and 
divided by three, being multiplied by the sum (of the 
arithmdtfCals), is the sum of the squares. The sum 
of the cubes of the numbers one, &c., is pronounced 
by the ancients equal to the square of the addition. 

[1H2*+ ■ + 

n (n4- 1) . 2n + l 
” 2 ■ 

l® + 2®+ a. . See Todhunter’s Al- 

gebra, Arts. 460, 461.] 

118. ^ Example. Tell promptly the sum of the 
squares, and the sum of the cubes, of those numbers, 
if thy mind be oonversant with the way of summation. 

Statement : 1 2 8 4 5 6 7 8 9. 

Answer : sum of squares, 285. Sura of cubes, 2025. 


* To find tbi© sums of squares uud of cubes,— Gau» and Sdr. 
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f 

119. Rule.' The increase multiplied by the pei'iod 
less one, and added to the first quantity, is the amount 
of the last.* That, added to the first, and halved, is 
the amount of the mean ; which multiplied by t^e 
period is the amount of the whole, and is denominated 
i^ganita) the computed sum. 

[Consider the series a, a-\-h, a + 2Z>.r....The nth term=a + 

71 + 1 

(n-1)^. If n bo odd^ middle term-— term= 


2a +(71—1) 1 ) 

” 2 ' ' 


If n be even^ there will bo two middle terms, 


5 th and th terms, and the mean amount « average of 


these two terms 


=- th term + -^ of common difference 

ii 


xs ^ And the sum of n terms 

“ i (« -1) S |. 

Thus the rule holds good whether n be odd or even. The 
author does not notice that the first part of the rule in § 115 is 
only a particular case of the present rule.] 

120. Example. A person, having given four dram- 
mas to priests on the first day, proceeded, my friend, 
to distribute daily alms at a rate increasing by five a 

* Where the increase is arbitrary.— Gang. In such cases, to find the last 
term, mean amount, and sum of the progression.— Sdr. From first term, 
common difference and period, to find the whole amount, fee.— Gan. 

* AM and mttkha, mda^na, vahtra^ and other synonyms of face — the ini- 
tial quantity of the progression, the first term : (that, from which as an 
origin the sequence commences.— Siir.) 

Chaya^ praehaya or the more Sdr.) or augment (vriddhi 

Gang.) by which each term increases, the common difference. Antya, 

the last term. 3lad 7iy a ^ the middle term. Pada or gachchha, the period, 
the number of terms : (so many days as the sequence reaches.—-Siir.) Saf*va- 
dhana^ sredM-phala or ganita — the amount of the whole, the sum of the 
progression. ‘ It is called ganita, because it is found by computation 
(gamnd).^Qmr 
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day. Say quickly how many were given by him in half 
a month. 

Statement : initial quantity 4 ; com. diff. .5 ; period 15. 
♦ Here, first term 4; Middle term 39. Last term 74. 
Sum 585. ' 

121. Another example.^ The initial term being 
seven, the increase five, and the period eight, tell me 
what the magnitudes of the middle and last terms' are, 
and what the total sum is. 

Statement : first term 7 ; com. difF. 5 ; period 8. 

Answer : mean amount Last term 42. Sum 196. 

Here, the period consisting of an even number of 
days, there is no middle day ; wherefore half the sum 
of the days preceding and following the mean place, 
must be taken for the mean amount : and the rule is 
thus proved. 

[See note to § 119.] 

122. Rule’*: half a stanza. The sum of the pro- 
gression being divided by the period, and half the com- 
mon difference multiplied by one less than the number 
of terms, being subtracted, the remainder is the initial 
quantity.® 

whence the rule.] 

123. Example. We know the sum of the progres- 
sion, one hundred and five - the number of terms, seven ; 
the increase, three ; tell us, dear boy, the initial quantity. 

* To exhibit an instance of an even number of terms, where there can 
consequently be no middle term (but a mean amount). —Gan. 

* The difference, period and sum being given, to find the first term,— Gan. 

and Sdr. , 

* The rule is the converse of the preceding.— Gan. an(i Stir. 
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Statement : com. (Jiff. 3 ; period 7 ; sum 105. 

Answer : first term, 6. 

Rule* j half a stanza.* The sum being divided by the 
period, and the first term subtracted from the quotient, 
the remainder, divided by half of one less than the 
number of terms, will be the common, difference.® 






whence the rale.] 


124. Example. On an expedition to seize his ene- 
my’s elephants, a king marched two yojanas the first 
day. Say, intelligent calculator, with what increasing 
rate of daily march he proceeded, he reaching his foe’s 
city, a distance of eighty yojanas, in a week. 

Statement : first term 2 ; period 7 ; sum 80. 

Answer : com. diff. ^ . 


125. Rule.* From the sum of the progression mul- 
tiplied by twice the common increase, and added to the 
square of the difference between the first term and half 
that increase, the square root being extracted, this root 
less the first term and added to the (above-mentioned) 
portion of the increase, being divided by the increase, 
is pronounced® to be the period. 

[The translation is rather obscure. A clearer rendering would 
be as follows ; — “ The sum of the progression multiplied by 
twice the common increase, being added to the square of the 


* The first term, period and sum being known, to find the oommon di£Fer- 
enoe which is unknown,— Gan. 

* Second half of one, the first half of which contained the preceding 
rule, § 1 22, 

* This rule aleo is converse of the foregoing. — Gan* 

* The first term, common difference and sum being known, to find the 
period which is unknown.*-Gan- 

* By Brahmagupta and the restt— Gan* 

Th0 rules are suh^taufiiaBy thAiftiae ; the square being oompleted for the 
solution of the quadratic equation in the manner taught by Srldharq (cited' 
in add W Bruhruf^uFtSt 
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difference between the first term and half that increase, the 
square root of the result is extracted ; this root less, &c.” 


We have 2a + (n— 1)5^ ; 


whence re: 


V'«( (2a-i)*+8A6 't 
2b 


(Todhunter’s Algebra, Art. 454) 

a± V-^(a-|)’‘ + 2«6 !•, whence the rule, 

the upper sign only being taken by the author. He does not 
discuss the meaning of the two values of re.] 

126. Example. A person gave three drammas on 
the first day, and continued to distribute alms increas- 
ing by two (a day) ; and he thus bestowed on the priests 
three hundred and sixty drammas : say quickly in how 
many days. 

Statement : first term 3 ; com. diff. 2 ; sum 360. 
Answer : period 18. 


Section II. 

Geometbical Progression. 

127. Rule': a couplet and a half. The period being 
an uneven number, subtract one, and note ‘ multiplica- 
tor ’j being an even one, halve it, and note ‘square,’ 
until the period be exhausted. Then the produce aris- 
ing from multiplication and squaring (of the common 
multiplier) in the inverse order from the last,® being 
lessened by one, the remainder divided by the common 

^ To find the sum of a progression, the increase being a multiplier. — Gan. 
In other words, to find the sutn of an increasing geometrical progression. 

^ The last note is of oonrae ^ multipHoator.’ For in exhausting the num- 
ber of the period (when odd) you arrive at last at unity, an uneven number. 
The proposed multiplier (the common multiptioator of the progression) ia 
therefore put in the last place j and the operations of s<|uaring and multi- 
plying b^ it are cohtinued in the inverse orde? oi* the line of the notes. ^ 
Gan. '' ' 
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multiplier less one, and multiplied by tbe initial quan- 
tity, will be the sum of a progression increasing by a 
common multiplier/ 

[Let a denote the first term and r the common ratio. Theei, 

a+ar + +ar^''^ The first part of the rule 

is clumsily and obscurely stated. It is difficult to make out 
what the author means. He wants us to find r”. Now if n is 
even and therefore of the form 2m, we can find r” by first squar- 
ing r, then squaring the square, and so on m times. If n is 
odd and therefore of the form 2m +1, we can find r” by first 
finding as before, and then multiplying the result by r. 
This is probably what the author means by the words multiply- 
ing and squaring. See the explanation of Ganesa in the foot- 
notes.] 

128. Example. A person gave a mendicant a couple 
of cowry shells first, and promised a twofold increase 
of the alms daily. How many nishkas did he give in 
a month ? 

Statement : first term, 2 ; increasing multiplier, 2 ; 
period, 30. 

Answer: 2147483646 cowries ; or 104857 nishkas^ 
9 drammas^ 9 panas^ 2 kdkinis^ and 6 shells. 

129. Example. The initial quantity being two, my 
friend ; the daily augmentation, a threefold increase ; 
and the period, seven ; say what the sum in this case is. 

* The effect of pqnarin^ and multiplying, as directed, is the same as the 
continued multiplicatJou of the multiplier for as many times as the num- 
ber of the period. For dividing by the multiplier the product of the multi- 
plication continued to the uneven number, equals the product of multipli- 
cation continued to one less than the number ; and the extraction of the 
square root of a product of multiplication continued to the even number, 
equals continued multiplication to half that number. Conversely, squaring 
and multiplying equals multiplication for double and for one more time.— 
Oan. 
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Statement : first term, 2 ; increasing multiplier, 3 ; 
period, 7. 

Answer : sum, 2186. 

130 — 131. Rule d a couplet and a half. The num- 
ber of syllables in a verse being taken for the period, 
and the increase twofold, the produce of multiplication 
and squaring (as above directed, § 127) will be the 
number (of variations) of like verses.® Its square, and 
square’s square, less their respective roots, will be (the 
variations) of alternately similar and of dissimilar verses 
(in tetrastics).® 

[The rule refers specially to the example in § 132. It is a 
statement in a concrete shape of the following proposition ; — 
The total number of combinations of n things taken, 1, 2, ... n 
ata time = 2’*— 1. (See note to § 113).] 

132. Example. Tell me directly the number (of 


* Incidentally introduced in this place, showing a computation serviceable 
in prosody. — Siir. and Mano. To calculate the variations of verse, which 
are also found by the sum of permutations (§1 18).— Gan. 

® Sanskrit prosody distinguishes metre in which the four verses of the 
stanza are alike, or the alternate ones only so, or all four dissimilar. Asiat. 
Res., Vol, X, syn. tab., v, vi and vii. 

* The number of possible varieties of verso found by the rule of per- 
mutation (§113) is the same as the continued multiplication of two: this 
number being taken, because the varieties of syllables are so many, long 
and short. Accordingly this is assumed for the common multiplier. I'he 
product of its continued multiplication is to be found by this method of 
squaring and multiplying (§127) ; assuming for the period a number equal 
to that of syllables in the verso The varieties of similar verses are tho 
same as those of one verse containing twice as many syllables ; and the 
changes in the four verses are the same as those of one verse comprising 
four times as many syllables, excepting, however, that these permutations 
embracing all the possible varieties, comprehend those of like and half- 
alike metre. Wherefore the number first found is squared, and this again 
squared, corresponding to twice or four times the number of places ; 
and the roots of these squares are subtracted [for obtaining the varieties 
of alternately like and dissimilar verses respectively,— Ed.]— Gau. 
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varieties) of like, alternately like, and dissimilar verses 
respectively, in the metre named anushtuhh} 

Statement : increasing multiplier, 2 ; period, 8. 
Answer : variations of like verses, 256 ; of alternately 
alike verses, 65280 ; of dissimilar verses, 4294901760. 

[The total number of syllables in the four charanas of the 
anushtuhh metre being 32 (8 to each charana)^ the possible varie- 
ties of arrangements of long and short syllables in the metre 
are 4294967296. (See note to § 113). These evidently 
include cases of (a) all like, and (l>) alternately like charanas. 
To find the number of these cases, we find the number of varie- 
ties of the syllables in two charanas ; which number is 2^^ or 
65536. It is clear that if we place each one of these varie- 
ties under itself, we shall get all the cases included in (a) 
and {h). Hence the total number of cases in (a) and {h) is 
65536. Of these the number of cases in (a) clearly is the numr 
her of varieties that may occur in one charana = 2®a= 256. Con- 
sequently the number of cases in (5) is 65536 — 256 or 65280. 
Subtracting 65536 from 4294967296 we get 4294901760, 
which is considered as the number of dissimilar verses or 
charanas. It is to be observed, however, that these last include 
cases in which the first two charanas are lilie, as also the last 
two ; or cases in which the first two are like, but the last two 
unlike ; and so forth. These cases are not separately con- 
sidered.] 


* Asiat. Res., Vol. X, p. 438 ; sjn. tab., p. 469. 



CHAPTER VI. 

PLANE FIGURE.* 

133. Rule. A side® is assumed. The other side in 


^ Kshctra>vyavahdra, determination of plane figure. Kahetra^ as ex- 
pounded by Ganesa, signifies plane surface bounded by lines, straight or 
curved ; as triangle, &c. Vymalmra is the ascertainment of its dimen- 
sions, as diagonal, perpendicular, area, &c. Ganesa says plane figure is four- 
fold ; triangle, quadrangle, circle and bow. Triangle (tryai^ra^ trikona or 
trihJiuja) is a figure containing {tri) three or Jcoiia) angles, and consist- 
ing of as many (hhuja) sides. Quadrangle or tetragon (^chaturasra^ chatuah- 
hona^ chaturhhuja)^ is a figure odm prising {chatvr) four ( asra, kc.) angles 
or sides. The circle and bow, he observes, need no definition. Triangle is 
either ( jdtya) right-angled, as that which is first treated of in the text ; or 
it is {trlhhttja) trilateral (and oblique) like the fruit of the Hvrngdtn (Trapa 
natans). This again is distinguished according as the (lamha) perpendicular 
falls within or without the figure: aiitarlamha^ acute-angled; haliir* 

liimba^ obtuse-angled. Quadrangle also is in the first place twofold : with 
equal, or with unequal, diagonals. [This is not a proper classification. — Ed.] 
The first of these, or eqiiidiagonal tetragon {sama-karna^y comprises four 
distinctions : 1st, sama-cltaturWmja, equilateral, a square ; 2d. vuhama* 
chaturhhvjat a trapezium ; 3d, dyata-dirgha'chaturasra, an oblique paralle- 
logram ; [this is not correct; for a parallelogram with equal diagonals must 
be either a rectangle or a square, so that this 3d. cannot be a distinct 
species. — Ed.] ; 4th. dyata-mmalamha^ oblong with equal perpendiculars, 
a rectangle. The second sort of quadrangle, or the tetragon with un- 
equal diagonals {vishamakarna)^ embraces six sorts : 1st. sama-ohatm'bhvja, 
equilateral, a rhombus; 2d. sama-triblmja, having three equal sides; 3d. 
mma'dwi-dwi-bhuja^ consisting of two pairs of equal sides, a rhomboid ; 
4th sama^dwi-bhvja, having two equal sides; 6th. vishama-chutu7'bJ(vJa, com- 
posed of four unequal sides, a trapezium ; 6th. sama-lamha, having equal 
perpendiculars, a trapezoid. The several sorts of figures, observes the com- 
mentator, are fourteen ; the circle and bow being but of one kind each. He 
adds, that pentagons {panohdsra^^ &c. comprise triangles (and are reducible 
to them). 

* BdhUy dosh, hJiyJat and other synonyms of arm are used for the leg 
of a triangle, or side of a quadrangle or polygon ; so called, as resembling 
the human arm. — Gan. and SiSr. 
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the rival direction is called the upright/ whether in 
a triangle or tetragon, by persons conversant with the 
subject. 

134. The square root of the sum of the squares of 
those legs is the diagonal.^ The square root, extracted 
from the difference of the squares of the diagonal and 
side, is the upright ; and that, e^dracted from the differ- 
ence of the squares of the diagonal and upright, is the 
side.^ 

[Euclid I. 47.] 

135. ^ Twice the product of two quantities, added 
to the square of their difference, will be the sum of their 
squares. The product of their sura and difference will 
be the difference of their squares : as must be every- 
where understood by the intelligent calculator.® 

* Either leg being selected to retain this appellation, the others are 
distinguished by different names. That which proceeds in the opposite 
direction, meaning at right angles, is called uehchhrdya^ vehclihrifi, 

or any other term signifying upright or elevated. Both are alike sides of 
the triangle or of the tetragon, differing only in assumed situation and 
name. — Gan, and Siir. 

2 A thread or oblique Hue from the two extremities of the legs, joining 
them, is the karmi, also termed simtl, sravana, on any other word signify- 
ing ear. It is the diagonal of a tetragon. — Siir., Hang., &c. Or, in the case 
of a triangle, it is the diagonal of the parallelogram, whereof the triangle 
is the half : and is the hypotenuse of a right-angled triangle. 

3 The rule conoerns (jdtya) right-angled triangles. The proof is 
given both algebraically and geometrically by Ganesa {upa27atti avyakta- 
kriyayd, proof by algebra ; kHlietragatopapattl, geometrical demonstration) ; 
and the algebraical proof is also given by SuryadiXsa. Ranganatha cites one 
of those demonstrations from his brother Kamal^kara, and the other from 
his father Nrisinha, in the Vdrtika, or critical remarks on the ( Vds(md) 
annotations of the Siromani ; and censures the Sringdra-tllaka for denying 
any proof of the rule besides experience. Bhdskara has himself given a 
demonstration of the rule in his Vija-gan\ta,% 146. 

A stanza of six cliaranas of amishtuhli metre. 

® Ganesa here also gives both an algebraic and a geometrical proof of the 
latter rule ; and an algebraical one only of the first. See Vija-ganita under 
g 148, whence the latter demonstration is borrowed j and § 147, where the 
first of the rules is given and demonstrated. 
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[2ah + {a = + 

(a + &) (a ~h) a^—h^. 

Geometrical proofs of these formolfB are furnished by Euc. II. 
5 and 9. The object of introducing them here is to facilitate the 
calciflations required in § 134.] 

136. Example. Where the upright is four and 

the side three, what, is the hypotenuse? Tell me 
also the upright from the hypotenuse and side ; and 
the side from the upright and hy- 
potenuse. 4 

Statement : side 3 ; upright 4. 

Sum of their squares 25. Or, the product of the 
sides, doubled, 24 ; square of the difference, 1 ; added 
together, 25. The square root of this is the hypotenuse 5. 

Difference of the squares 5 and 3 
is 16. Or the sum 8 multiplied by 
the difference 2, makes 16. Its 
square root is the upright 4. 

Difference of squares, found as 
before, 9. Its square root is the 
side 3. 

137. Example. Where the side measures three and 
a quarter, and the upright, as much ; tell me quickly, 
mathematician, what the length of the hypotenuse is. 

Statement : side 4^ ; upright 4^. Sum of the squares 
or J-|^. Since this has no (as- 
signable) root, the hypotenuse is a 
surd. A method of finding its ap- -r 
proximate root follows : — 

138. Rule. From the product of numerator and 
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denominator/ mu*ltiplied by any large square number 
assumed, extract the square root : that, divided by the 
denominator taken into the root of the multiplier, will 
be an approximation. 

The square of the above hypotenuse, (is pro- 
posed). The product of its numerator and denomina- 
tor is 1352. Multiplied by a myriad (the square of a 
hundred) the product is 13520000. Its root is 3677 
nearly.* This divided by the denominator taken into 
the square root of the multiplier, viz., 800, gives the 
approximate root It is the hypotenuse. So in 

every similar instance, 
r /a_v'ax?) N/ax^Xc* 

Vi" ' 

The object of multiplying the product of numerator and deno- 
minator by a large square number (being some power of ton, 
as the above process shows), and then taking the square root 
approximately is practically to get the square root to a certain 
number of decimal places. Bhdakara, however, does not use the 
decimal notation which was probably not known in his time, and 
expresses the result as a fraction. In the above example, the 
result obtained will be found to be correct to two decimal 
places.] 

139. Rule.* A side is put. From that multiplied 
by twice some assumed number, and divided by one less 
than the square of the assumed number, an upright is 
obtained. This, being set apart, is multiplied by the 
arbitrary number, and the side as put is subtracted j 

* If the surd be not a fraction, unity may be put lot the denominator, 
und the rule holds good. — Gan. 

® The remainder being: unnoticed. 

* Either the side or upright being given, to find the other two sides.— 
Stir. To find the upright and hypotenuse from the side ; or the Side and 
hypotenuse from the upright. -Gan. The problem is a» indeterminate one, 
as is intimated by i)lie author; 
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the remainder will be the hypotenuse. Such a triangle 
is termed right-angled.^ 

[Let a denote the given side, and n the assumed number. 
Then proceeding by the rule, we get for upright, and 

-5 — j X n — a = a — j- for hypotenuse. To verify this we have 



“ (n*- 1)2 I 1) -t- 4n I = 

The proof of this rule given hy Siiryadasa 


shows how these expressions for the upright and hypotenuse are 
arrived at, although it is rather difficult to follow it. The quan- 
tities 2?i, 71^ - 1, -f I may be taken to represent the upright, 
side and hypotenuse of a right-angled triangle, because (2ny 
+ (n^ - 1)^ = (n^ + 1)^, Now consider another right-angled 
triangle similar to the above, the side being a. Then, since the 
sides of the two triangles are proportional, the upright of the 


second triangle will obviously be 


2a7i 

1 


Again, as n x up- 


right of the first triangle = its side + its hypotenuse, so n x up- 
right of the second triangle = its side 4- its hypotenuse. Thus, 

^ X =3s a + hypotenuse, whence hypotenuse — n x ^ 


n^ — 1 




-a. Thus we see how the expressions are got.] 

140. Or a side is put. Its square, divided by an 
arbitrary number, is set down in two places : and the 
arbitrary number being added and subtracted, and the 
sum and difference halved, the results are the hypote- 
nuse and upright.^ Or, in like manner, the side and 


[ * Oolebrooke usos the word rectangular, Bab the more usual word in 
modern geometry is right-angled, — Ed.J ^ ^ 

* Assume any number lor the difference between the upright aAd jiyJpSte^^ 
nuse, The difference of their squares (which is equal to bhe( square ol tb^ 
given side) being divided by that assumed differeuoe, the quotient is tljb 
ium of the upright and hypotenuse. Fot the difference j|,^e 8q4»reiT|it. 
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hypotenuse may be deduced from the upright. Both 
results are rational quantities, 

[Let a denote the given side, and n the assumed number. 

Then by the rule we have i ^ for hypotenuse, arid ^ 


for upright. To verify this we have + \ 


+ - _ {aJ’+nFf 


(a^-ny 


Ganesa 


gives an elegant demonstration of this rule, based on the fact 
that the assumed number n is the difference between the hypote- 
nuse and upright, as is obviously the case.- See foot-note.] 

141. Example. The side being in both cases 
twelve, tell quickly by both methods, several uprights 
and hypotenuses, which shall be rational numbers. 

Statement : side 12 ; assumption 2. The side, multi- 
plied by twice that, viz., 4, is 48. Divide by the square 
of the arbitrary number less one, viz., 3, the quotient 
is the upright 16. This upright multiplied by the 
assumed number is 32, from which subtract the given 
side ; the remainder is the hypotenuse 20, 

Assume 3. The upright is 9, and the hypotenuse 
15. Or, putting 5, the upright is 5, and the hypote- 
nuse 13. 


By the second method; the side, as put, 12. Its 
square 144. Divide by 2, the arbitrary number being 2, 
the quotient is 72. Add and subtract the arbitrary 
number, and halve the sum and difference. The hypote- 
nuse and upright are found, viz., hypotenuse 37, up- 
right 35. 

equal to the product of the sum and difference of the roots (§ 136). The 
upright and hypotenuse are therefore found by the rule of concurrence 
(§ 56).-.Gan. 
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Assume 4. The upright is 16, and the hypotenuse 20. 
Assuming 6, the upright is 9, and the hypotenuse 15.^ 

142. Rule.® Twice the hypotenuse taken into an 
arbitrary number, being divided by the square of the 
arbitrary number added to one, the quotient is the up- 
right. This taken apart is to be multiplied by the 
number put : the diffi^’ence between the product and the 
hypotenuse is the side. 


[Let a denote the hypotenuse, and n the assumed number 
Then, by the rule, the upright is and the side, — ^ 

. 2 


71 ^ -}- 1 


r (n^Ti) (“ ^2+i) 


rule given by Siiryadasa is exactly similar to that of the rule 
in §139. See note to §139.] 


143. Example. The hypotenuse being measured by 
eighty-five, say promptly, learned man, what uprights 
and sides will be rational. 

Statement : hypotenuse 85. This doubled is 170, 
and multiplied by an arbitrary number two is 340. 
This, divided by the square of the arbitrary number 
added to one, viz,^ 5, is the upright 68. This upright 
multiplied by the arbitrary number makes 136 ; and 
subtracting the hypotenuse, the side comes out 51. Or 
putting four, the upright will be 40, and tlie side 75. 

144. Rule. Or else the hypotenuse is doubled and 
divided by the square of an assumed number added to 
one. The hypotenuse less that quotient is the upright. 


* In like manner, if the upright be given 16, its square 266 divided by the 
arbitrary number 2 is 128. The arbitrary number, subtracted and added, 
makes 126 and 130; which halved give the side 63, and the hypotenuse 
86.— Gang, and Siir. 

* Prom the hypotenuse given, to find the side and upright in rational 
numbers.— Gan. The problem is an indeterminate one. 

B, M 


6 
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The same quotient multiplied by the assumed number 
is the side.' 

The same hypotenuse 85. Putting two, the up- 
right and side are 51 and 68. Or, with four, they are 
75 and 40. 

Here the distinction between side and upright is in 
name only, and not essential. 

^0i 1 

[Taking a and n as in § 142, we get a — ^ 

npright, and for side. Verification as in § 142. To see 

how these expressions are arrived at, take 2n, n®— 1 and 7i?+l 
for the side, upright and hypotenuse of a right-angled triangle, 
and proceed as in § 139, note.] 

145. Eule/ Let twice the product of two assumed 
nuuibers be the upright ; and the difference of their 
squares, the side : the sum of their squares will be the 
hypotenuse, and a rational number. 

[Let a and h be the assumed numbers. 

Then 2a6 is the upright, and — the side. The hypote- 
nuse is ^ + (a^ — h^y « a® + b\ 

Thus the three sides are all rational. Ganesa gives a proof 
of this rule after the manner of the Vija-ganita ; but it is very 
obscure and cannot be easily followed.] 

146. Example. Tell quickly, friend, three numbers, 
none being given, with which as upright, side and hy- 
potenuse, a right-angled triangle may be (constructed.) 

* This and the preceding rnle are founded on the same princtpie, differing 
only in the order of the operation and names of the sides : the same num- 
bers eotne out for the side and upright in one mode, which were found fo? 
the upiight and aide by the other. 

* Having taught the mode of finding a third side from any two of hypote* 
nuse, upright and «ide ; and in like manner from one, the other two; the 
author noW shows a method of finding all three national (none being given). 
-~Gan. The problem is an indeterminate one. 
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Let two numbers be put, 1 and 2. From these, the 
side, upright and hypotenuse are found, 4, 3, 5. Or, 
putting 2 and 3, the side, upright and hypotenuse 
deduced from them are, 12, 5, 13. Or let the assumed 
numbers be 2 and 4 : from which will result 16, 12, 20. 
In like manner, manifold (answers are obtained). 

147. Rule.^ The square of the ground intercepted 
between the root and tip is divided by the (length of 
the) bambu, and the quotient severally added to, and 
subtracted from, the bambu : the moieties (of the sum 
and difference) will be the two portions of it represent* 
ing hypotenuse and upright.* 

[The rule bears reference to the example which follows. 

Let a denote the height of the bambu, 
h, the distance between root and tip, and 
X the height at which the bambu isjjroken. 

Then, b^^(a— .r)* — 

. 6 ® . ~b 

f«^a <SS iOt ^ / **' A/ 

a ^ ^ 

also a « (a— identically. 

Hence J ^ or hypotenuse, and ^ (-9 or 

upright, whence the rule. The above proof is the same as that 
given by Ganesa, See foot-note.] 


’ The sum of hypotonuse and upright being known, as also the side, to 
discriminate the hypotenuse and upright. — Gan. 

® The height from the root to the fracture fs the upright. The remaining 
portion of the bambu is the hypotenuse. The whole bambu, therefore, is 
the sum of hypotenuse and upright. The ground intercepted between the 
root and tip is the side : it is equal to the square root of the difference 
between the squares of the hypotenuse and upright. Hence the square of 
the side, divided by the sum of hypotenuse and upright, is their difference 
(§ 135). With these (sum and difference) the upright and hypotenuse are 
found by the rule of concurrence (§ 55).— Gan, 
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148. Example. If a bambu, measuring thirty-two 
cubits and standing upon level ground, be broken in 
one place by the force of the wind, and the tip of it 
meet the ground at sixteen cubits : say, mathematician, 
at how matiy cubits from the root it is broken. 

Statement. Bambu 32. Interval 
between the root and tip of the 
bambu, 16. It is the side of the 
triangle. Proceeding as directed, 
the upper and lower portions of the 
bambu are found to be 20 and 12. 

149. Rule.* The square (of the height) of the 
pillar is divided by the distance of the snake from his 
hole ; the quotient is to be subtracted from that dis- 
tance. Tlie meeting of the snake and peacock is from 
the snake’s hole half the remainder, in cubits. 

150. Example. A snake’s hole is at the foot of a 
pillar, nine cubits high, and a peacock is perched on its 
summit. Seeing a snake at the distance of thrice the 
pillar gliding towards his hole, he pounces obliquely 
upon him. Say quickly at how many cubits from the 
snake’s hole they meet, both proceeding an equal 
distance. 

Statement. Pillar 9. It is the up- 
right. Distance of the snake from 
his hole, 27. It is the sum of 
hypotenuse and side. Proceeding 




* The 8um of the side and hypotenuse being known, as albo the upright, 
to discriminate the hypotenuse and »ide.-~«Gan. The rule bears reference to 
the example which follows* The principle is the same as that of the 
preceding rule. 
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as directed, the distance between the hole and the place 
of meeting is found to be 12 cubits/ 

[The principle of the rule in § 149 is, as Colebrooke observes, 
and *as is also evident from the example in §150, the same as 
that of the rule in § 147. The peacock is supposed not to 
change his direction, and to pounce in such a direction that the 
distance traversed by hhn being the hypotenuse of a right- 
angled triangle, is equal to the distance traversed by the snake. 
Practically, however, such a thing does not hap[)on ; but tlio 
bird of prey changes its direction at every instant, and describes 
a curved path known as tlie curve of pursuit. See Tait and 
Steele’s Dynamics of a Particle, Art. 33. 

Let a denote the distance of the snake from the hole, h the 
height of the pillar, and x the distance required. 

Then, (a — whence as in § 147, — -V 

Hence the rule.] ^ ^ ' 

151. Rule.^ The quotient of the square of the side 
divided by the difference between the hypotenuse and 
upright is twice set down ; and the difference is sub- 
tracted from the quotient (in one place) and added to 
it (in the other). The moieties (of the remainder and 
sum) are in their order the upright and hypotenuse.^ 

This^ is to be generally applied by the intelligent 
mathematician. 


* Subtracted from the sum of hypotenuse and side, this leaves 15 for the 
hypotenuse. The snake had proceeded the same distance of 15 cubits to- 
wards his hole, as the peacock in pouncing upon him. Their progress is 
therefore equal. — Stir. 

*Th 0 difference between the hypotenuse and upright being known, os 
also the aide, to find the upright and hypotenuse. — Gan. 

*Th 0 demonstration, distinctly set forth under a preceding rule, is 
appUoable to this. — Gan. 

* Beginning from the instance of the broken bumbu (§ 147) and including 
what follows,— Gan. 
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[The demonstration of the rnlein §147 applies to this rule 
as Ganesa observes. 

Let fit denote the difference between 
hypotenuse and upright, b the side, and as 
the upright. 

Then, 6*= (a+ic)®— ir®, whence as in 
§ a^,and a+*«=|0+a^. 

Hence the rule.] 

152. Friend, the space between the lotus (as it 
stood) and the spot where it submerged, is the side. 
The lotus as seen (above water) is the diflference 
between the hypotenuse and upright. The stalk is 
tke upright, for the depth of water is measured by it. 
Say, what the depth of the water is.’^ 

153. Example.* In a certain lake swarming with 
ruddy geese® and cranes, the tip of a bud of lotus was 
seen a span above the surface of the water. Forced by 
the wind it gradually advanced, and was submerged at 
the distance of two cubits. Compute quickly, mathe- 
matician, the depth of the Water. 

Statement. Diff, of hypotenuse 
and upright, ^ cubit. Side 2 cubits. 

Proceeding as directed, the upright 
is found It is the depth of the 
water. Adding to it the height of the bud, the hypo- 
tenuse comes out 




* Th© 8i<3e8 ooastitiutixig the figure in tlie estwpte which follows, are 
hhre set ferth, to aBslflt the apprehensiou of the atudent.— Sfir* and Qan* 

* f This example is inserted in Barnttrd Smith’s •^Arithmetio, Appendix, 
^ 800 .— 

1 Anas Oasatca. 
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[Let 0 be tbe root of the lotus, A its 
tip, and C the point on the surface of the 
water where it is submerged- Then, 
while it advances by the force of the 
wind, 0 remains fixed, and the lotus de- 
scribes an arc of a circle, of which 0 is 
the centre, and OA thp radius. Hence 
OC^OA. Then, as the author himself explains in § 152, 
the solution will follow fi:om the method of § 151, where we 
have only to substitute I for a, and 2 for J.] 



154. Rule.^ The height of the tree multiplied by its 
distance from the pond, is divided by twice the height 
of the tree added to the space between the tree and the 
pond : the quotient will be the measure of tlie leap. 

[The rule refers to the example which follows. 

Let D be the top of the tree, and B 
tbe position of the pond. The first ape is 
supposed to descend from I) to A^ and 
then to go from ^4 to i? ; while the 
second ape is supposed to jump vertically 
upwards from D to C, and then to leap 
directly from C to B. Now lot AD = a, 

AB^b, and CD^x, which is required. Then by the question, 
we have + ; 

(a 4 * xy +b^f=s(a+by^2 (a + b) x + x% 


C 

]) 


\ 

A. b B 


whence 


oh 

2a^5 


Hence the rule.] 


155. Example. From a tree a hundred cubits high, 
an ape descended and went to a pond two hundred 
cubits distant : while another ape, vaulting to some 
height off the tree, proceeded with velocity diagonally 


* The BUiMi of the hypotenuse and upper portion of the upright being 
given, and the lower portion being known, as also the side : to discriminate 
tho upper portion df the upright from the hypotenuse.— Oan. As in 
several preceding instances, a relerenee to the example is rei|uisite to the 
understanding of the rule. 
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to the same spot. If the space travelled by them be 
equal, tell me quickly, learned man, the height of the 
leap, if thou have diligently studied calculation. 

Statement. Tree 100 cubits. Distance of it from 
the pond 200. Proceeding as directed, the height of 
the leap comes out 50. 


156. Rule.' From twice the square of the hypote- 
nuse subtract the sum of the upright and side multi- 
plied by itself, and extract the square root of the re- 
mainder. Set down the sum twice, and let the root be 
subtracted in one place and added in the other. The 
moieties will be measures of the side and upright.* 


[Let a denote the sum of side and 
upright, and h the hypotenuse. Also let 
X denote the upright. Then we have 
evidently, (a— = ; x 

2a.rH-a* — 5^ = 0, 

, a± ‘v/ 26 ^— 

whence x = * 

If we take the upper sign, then a—x and 



' Hypotenuse being known, as also the snm of the side and upright, or 
their difference ; to discriminate those sides. — Gan. 

® In like manner, the difference of the side and upright being given, the 
same rule is applicable. — Gan, [A slight variation will be necessary ; see note 
to § 168 . — Ed.] The principle of the rule is this : the square of the hypote- 
nuse is the sum of the squares of the sides. But the sum of the squares 
with twice the product of the sides added to it is the square of the sum ; and 
with the same subtracted is the square of the difference. Hence cancelling 
equal quantities affirmative and negative, twice the square of the hypote- 
nuse will be the sum of the squares of the sum and difference. Tnerefore, 
subtracting from twice the square of hypotenuse the square of the sum, the 
remainder is the square of the difference ; or conversely, subtracting the 
square of the difference, the residue is the square of the sum. The square 
root is the sum or difference. With these, the sides are found by the rule of 
conourrenoe.«-Gaii. and Siir. 
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if we take the lower sign, then a — It is 

z 

evident that wo may take either sign. The reason for the rule 
is obvious. The method of solving an adfectod quadratic equa-» 
tion by completing the square has been mentioned before. 
See §§ 62 — 63. Interesting geometrical interpretations of the 
expressions for x and a — are given by Ganesa and Suryaddsa. 
See foot-note.] 

157, Example. Where the hypotenuse is seven 
above ten ; and the sum of the side and upright, three 
above twenty ; tell them to me, my friend. 

Statement : Hypotenuse 17 ; sum of side and up- 
right 23. Proceeding as directed, the side and upright 
are found 8 and 15. 

158. Example.^ Where the difference of the side 
and upright is seven, and hypotenuse is thirteen, say 
quickly, eminent mathematician, what the side and upr 
right are. 

Statement : hypotenuse 13 ; difference of side and up- 
right 7. Proceeding as directed, the side and upright 
come out 5 and 12. 


[Let X denote the upright, and a the- 
diff. between upright and side, the up- 
right being supposed > side. Then X'-a 
will denote the side ; and we evidently 
have ^^4* (^— = whence as in §156, 

^a -5 here we must 



co-a 


take the upper sign alone, since x 

V^26‘^ — +a 
2 


Thus we have x = 


•a is necessarily positive. 

/v/2^>^— —a 
2 ' 


and x-~a- 


* This example of a case where the difference of the sides is given, is 
omitted by Siiryaddsa, but noticed by Ganesa, Copies of the text vary : 
some containing, and others omitting, the instance. 
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From these values it is clear that the rule in § 156 must be 
slightly varied in order to be applicable to the present case.] 

15&. Rule.* The product of two erect bambus 
being divided by their sum, the quotient is the per- 
pendicular* from the junction (intersection) of threads 
passing reciprocally from the root (of one) to the tip 
(of the other). The two bambus, ‘ multiplied by an as- 
sumed base, and divided by their sum, are the portions 
of the base on the respective sides of the perpendicular. 

[From similar triangles (see figure) we have 



Thus is independent of x and y, provided a and b be given. 
Again, let x+y any assumed number. 


Then x 


and 




pk 

•T’ 

pk 

SB 

a 


ak 

’ a+b^ 

bk 

a+b 


This rulp shows that the property of similar triangles was 
known. See Bh4skara’s remark at the end of § 160, and the 
proof given by Ganesa, cited in the foot-note, which is slightly 
different and more cumbrous.] 


160. Example. Tell the perpendicular drawn from 
th@ intersection of strings stretched mutually from the 
roots to the summits of two bambus, fifteen and ten 
cubits high, standing upon ground of unknown extent. 

^ Having taught fully the method of huding the sides iu a light-augled 
liariaagle, the author next propounds a special problem.— 0ah. To find the 
perpendioular, the base being unknown.— Sdr. 

’ Zamha^ amlamhu^ vaUkmba^ the perpendicular. 
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bambus 15, 10. 


The perpendicular is 




10 


Statement 
found 6. 

Next to find 
tKe segments of 
the base. Let 
the ground be 
assumed 5 ; the 
segments come out 3 and 2. Or putting 10, they are 6 
and 4. Or taking 15, they are 9 and 6. See the figures. 
In every instance the perpendicular is the same,* viz.., 6* 

The proof is in every case by the rule of three : if 
with a side equal to the base, the bambu be the upright, 
then with the segment of the base, what will be the 
upright ? * 

161. Aphorism.* That figure, though rectilinear, 
of which sides are proposed by some presumptuous 


' However the base may vary by assuming a greater or less quantity for 
it, the perpendicular will always be the same.— Gan. 

* On each side of the perpendicular, are segments of the base relative to 
the greater and smaller bambus, and larger or less analogously to them. 
Hence this proportion : “ If with the sum of the bambus, this sum of the 
segments equal to the entire base be obtained, then, with the smaller bambu, 
what is had ? ” [This proportion cannot be at once obtained easily, but may 
be got by dividing corresponding members of the first two equations in the 

note to §169, whence we have ~ and therefore — Ed. 1 The 

h y so-\‘y y'^ 

answer gives the segment which is relative to the least bambu. Again : “If 
with a side equal to the whole base, the higher bambu be the upright, then 
with a side equal to the segment found as above, what is had ? ” The answer 
gives the perpendicular let fall from the intersection of the threads. Here a 
multipUcator and a divisor equal to the entire base are both oanoelled as 
equal and contrary ; and there remain the product of the two bambus for 
numerator and their sum for denominator. Hbnoe the rule.— Gan. 

• The aphorism explains the nature of impossible figures proposed by 

dunces. «*pSdr. It Serves as a definition of plane figure Gan. In 

a triangle or other plane rectilinear figure, one side is always less than the 
sum of the reat. If equal* the perpendicular is noughti and there is no 
bomplete ilgure. If greater, the sides do not meet.— Sdn Containing no 
area, it is no figure.-*- cited by Iftauganatha. 
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person, wherein one side* exceeds or equals the sum of 
the other sides, may be known to be no figure. 

[This follows from Euclid I. 20. Any side of a triangle or 
of any polygon must be less than the sum of the remaining sides. 
Hence the numbers 2, 3, 6, 12 cannot represent the sides of a 
quadrilateral.] 

162. Ejijiample. Where sides are proposed two, three, 
six and twelve in a quadrilateral, or three, six and nine 
in a triangle, by some presumptuous dunce, know it to 
be no figure. 

Statement. The figures are both incongruous. Let 
straight rods exactly of the lengths of the proposed sides 
be placed on the ground, the incongruity will be ap- 
parent.* 

163 — 164. Rule* in two couplets. In a triangle, the 
sum of two sides being multiplied by their difference, 
is divided by the base^ ; the quotient is subtracted from, 
and added to, the base which is twice set down : and 
being halved, the results are segments corresponding to 
those sides.® 


* The principal or greatest side. — Gan. Kanni. Rang. 

* The rods will not meet. —Stir. 

* In any triangle to find the perpendicular, segments and area. This is 
introductory to a fuller consideration of areas. — Gan. and Sdr. 

* Bhumi, hhuy hi, maM or any other term signifying earth ; the ground 
or base of a triangle or other plane figure. Any one of the sides is taken for 
the base, and the rest are termed simply sides. Ganesa restricts the term to 
the greatest side. See note § 168. 

LmJibay the perpendicular. See note § 169. Abddhdyahad}td,avahddkdy 
segment of the base made by the perpendicular. These are terras introduced 
by earlier writers. These segments are internal in an acute-angled triangle, 
but external in an obtuse-angled one. Phala^ gmitUy kshetra-phaluy sama- 
koshtha-miti : the measure of like compartments, or number of equal squares 
of the same denomination (as cubit, fathom, finger, &c.) in which the di- 
mension of the side is given ; the area or superficial content.— ^Gan. and Sfir. 

* The relative or corresponding segments. The smaller segment answers 
to the less side, and the larger to the greater side. —Gan. 
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The square root of the difference of the squares of the 
side and its own segment of the base becomes the per^ 
pendicular. Half the base multiplied by the perpendi- 
cular^ is in a triangle the exact^ area.® 
is given, as also a and h. 

, W e have a? == 

X y ^ 

Then (^x + y) + {on — = 2x, 

and {x+i/)-(x-y)^2y ; 
and half of these results give x and y, oc ^ 

Also perpendicular « - x^^ 

and area ^ X base X altitude. 

* Or half the perpendicular taken into the base. — Gan. 

^ Sphuta-phala, ov precise area; opposed to asplinta — or sthulOf- 

phaUiy indistinct or gross area. See § 167. 

’Demonstration. In both the right-angled triangles formed in the pro- 
posed triangle, one on each side of the perpendicular, this line is the upright ; 
the side is hypotenuse, and the corresponding segment is side. Hence, sub- 
tracting the square of the perpendicular from the square of the side, the 
remainder is the square of the segment. So, subtracting the square of the 
other side, there remains the square of the segment answering to it. Their 
difference is the difference of the squares of the segments, and is equal to 
the difference of the squares of' the sides, since an equal quantity has been 
taken from each ; for any. two quantities less an equal quantity have the 
same difference. It is equal to the product of the suni and difference of the 
simple quantities. Therefore, the sum of the sides multiplied by their differ- 
ence is the difference of the squares of the segments. But the base is the 
sum of the segments. The difference of the squares, divided by that, is the 
difference of the segments. Ifrom which by the rule of concurrence (§ 66) the 
segments are found. 

The square root of the difference between the squares of the side and seg- 
ment (taken as hypotenuse aud side) is the upright or perpendicular. 
Dividing the triangle by a line across the 
middle (of the perpendicular), and placing 
the two parts of the upper portion disjoined 
by the perpendicular on the two sides of the 
lower portion (as in the annexed figure), an 
oblong is formed in which the half of the 
perpendicular is one side, and the base is the 
other. Wherefore half the perpendioular multiplied by the base is the area 
or number of oqual compartments. Or, half the base multiplied by the 
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The above is praotioally the demonstration given by Ganesa, 
although it is rather long as it is expressed in words.] 

165. .Example. In a triangular figure in which the 
base is fourteen and its sides thirteen and fifteen, t^ll 
quickly the length of the perpendicular, the segments, 
and the dimension by like compartments termed area. 

Statement: base 14; sides 
13 and 15. Proceeding as 
directed, the segments are 
found, 5 and 9 ; the perpendi- 
cular, 12 ; the area 84. 

166. Example. In a triangle, wherein the sides 
measure ten and seventeen, and the base nine, tell me 
promptly, expert mathematician, the segments, perpendi- 
cular, and area. 

Statement: base 9 ; sides 10 and 17. By the rule in 
§163, the quotient found is 21. This cannot be sub- 
tracted from the base ; wherefore 
the base is subtracted from it. 

Half the remainder is the seg- 
ment, 6, and is negative, that is 
to say, in the contrary direction.^ 

( See figure.) Thus the two segments are found 6 and 15. 

perpendicular Is just so much. In an obtuse-angled triangle also, the base 
mnltiijlied by half the perpendicular is the area. — Gan. 

[The proof given by Stiryad^sa is practically the same as the above, and so 
we omit it here#— E d.] 

* When the perpendicular falls without the base, as Oyer pasaing the anglb 
in eonftequence of the side exceeding the base, the quotient found by tljiO 
rule w § 168 cannot be taken from the base j fpr both origins of sides aye 
situated in the same quarter from the fall of the perpendicular, therefore 
subtracting the base from the quotient, half the residue is the segment and 
situated on the contrary side, being negative. Wherefdre, as both segments 
stand on the sate® side^ the smaller is comprehended in the greater, and, in 
reepedtf of it, Is hegative. thus all Is congruous and unexceptionable.— Gan. 
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Prom which, both ways too, the perpendicular comes 
out 8. The area is 86. 

[As the commentators observe, the segments of the base 
made by the perpendicular in an obtuse-angled triangle are ex- 
ternal, and their algebraical sum is their arithmetical difference.] 

167. Rule/ Half the sum of all the sides is set down 
in four places ; and the sides are severally subtracted. 
.The remainders being multiplied together, the square 
root of the product is the area inexact in the quadri- 
lateral, but pronounced exact in the triangle.® 

[Let s denote the sermi-perimeter of a triangle. Then area 
= (s— a) (5 — 6 ) (s — o). See Todhunter’s Trigonometry, 

Art. 247. This rule does not apply to the case of a quadrilateral. 
In fact, a quadrilateral in general is not determined by the 

When the sum of the segments is to be taken, as they have contrary signs 
affirmative and negative, the difference of the quantities is that sum. — Siir. 
See Vij-gan, §6. 

* For finding the gross area of a quadrilateral, and, by extension of the rule, 
the exact area of a trangle.— Gan. For finding the area by a method dell- 
vered by Sridhara— Rang, 

® If the three remainders be added together, their sum is equal to half 
the sum of all the sides. The product of the continued multiplication of 
the three remainders being taken into the sum of those remainders, the 
product so obtained is equal to the product of the square of the perpen- 
dicular taken into the square of half the base. [It is not explained how this 
is the case. The last mentioned product == 

ia* I f (taking a as base, and supposing h > c, and 

.ppljing §163-164) (a+J-c)(a-J+fl) 

f ft - a) (a a) (# - &)(« - c) =f (» - - <?.) — Ed, ] 

It is a square quantity ; for a square multiplied by a square gives a 
square. The square root being extracted, the product of the perpendi- 
cular by helf the base is the result ; and that is the area of the triangle. 
Therefore the true area is thus found. In a quadrilateral, the product of 
the multi plication does not give a sqqare quantity, but an irrational one* 
Its approximate root is the area of the figure ,* not, however, the true one: 
for, irhep divided by the perpendicular, it should giv^ of the 

base and summit.— Sdr. [The last remark does uot\l:^^ ge^^if^sa the 
quadrilateral be a trapezium.— Ed.] ' ' ^ 
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four sides alone - without an angle, whereas a tidangle is deter- 
mined by its three sides. Hence it is incorrect to say that the 
expression derived from the above rule represents the gross area 
of a quadrilateral. See note to §§169 — 170. The proof of the 
rule given by Siiryadasa is not at all clear. See foot-note.] 

168. Example. In a quadrilateral figure, of which 
the base* is fourteen, the summit* nine, the flanks 
thirteen and twelve, and the perpendicular twelve, tell 
the area as it was taught by the ancients. 

Statement : base 14 ; summit 9 ; sides 13 and 12 ; 
perpendicular 12. By the method 
directed, the result obtained , is the 
surd 19800, of which the approxi- 
mate root is somewhat less than 
141. That, however, is not in this 
figure the true area. But, found by 
the method which will be set forth (§ 175), the true 
area is 1-38. « ' 

Statement of the triangle before 
instanced (§165). 

By the (present) method the area 
comes out the same, viz., 84. 

169 — 170. Aphorism comprised in a stanza and a 
half. Since the diagonals of the quadrilateral are 
indeterminate, how should the area be in this case 
determinate ? The diagonals found as assumed by the 
ancients* do not answer in another case. With the 


» The ^reafeefet of the four sides is called the base —Gan. This defiuition 
is, ho we ve‘r, too restricted* See §§178, 185. 

* Or any other word tienotin^ mouth ; the side opposite to 
, the base, the summit. 

* By Sfidhara attd the rest.— Gan. 
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same sides, there are other diagonals ; and the area of 
the figure is accordingly manifold. 

For, in a quadrilateral, opposite angles being made to 
approach, contract their diagonal as they advance in- 
wards : while the other angles receding outwards leng- 
then their diagonal. Therefore it is said that with the 
same sides there are other diagonals. 

171. How can a person, neither specifying one of 
the perpendiculars, nor either of the diagonals, ask the 
rest?^ Or how can he demand a determinate area, 
while they are indefinite ? 

172. Such a questioner is a blundering devil.^ 
Still more so is lie, who answers the question. For 
he considers not the indefinite nature of the lines^ in a 
quadrilateral figure. 

[The four sides alone without an angle do not determine the 
quadrilateral in general, and the area is^ consequently indeter- 
minate. For, take AB as one side ; 
and with centre A and radius equal to 
another side describe a circle ; take 
any point B in the circumference, and 
join AD, With Z), B as centres and 
radii equal to the other two sides, 
describe circles cutting each other in 
C. Join CB, CD, Then ABCD is the quadrilateral which is 
indeterminate, since the angle BAD being not given, the point 
D may be taken anywhere in the circumference of the first de- 
scribed circle. Hence with the same sides, the diagonals may 
vary. But if the perpendicular from D to the line AB be given, 
or if the diagonal BD be given, it is easy to see that the point 
D becomes a fixed point in the circumference of the first de- 

* The perp6adioulara, diagonals, &c. — Gan. 

* P^lsdoha^ a demon or vampire ; so termed because fie blunders. — Sdr. 

* Of the diagonal and perpendicular lines. — Sdr, 

B, M 
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scribed circle, and so the quadrilateral is determinate. In the 
case of a trapezium, it is easily seen that the four sides being 
given, the distance between two paralled sides is known, and so 
the figure is determinate. The rule in §167, however, is equal- 
ly inapplicable to this case.] * 

173 — 175. Rule^ in two and a half stanzas. Let 
one diagonal of an equilateral tetragon be put as given. 
Then subtract its square from four times the square of 
the side. The square root of the remainder is the 
measure of the second diagonal. 

The product of unequal diagonals multiplied together, 
being divided by two, will be the precise area in an 
equilateral tetragon. In a regular one with equal 
diagonals, as also in an oblong,^ the product of the 
side and upright will be so. 

In any other quadrilateral with equal perpendiculars, 
the moiety of the sum of the base and summit, mul- 
tiplied by the perpendicular (is the area). 


[In an equilateral tetragon, the diago- 
nals bisect each other at right angles. 
Hence (see figure), x — ; 

2:r= unknown diagonal — 



The area of the above figure is evidently equal to half the 
product of the diagonals. The other propositions stated above 
are well known elementary geometrical results. By ‘‘ a quadri- 
lateral with equal perpendiculars/’ the author means a trape- 
zium. 


^ In an equilateral tetragon, one diagonal being given, to find the second 
diagonal and the area ; also in an eqniperpendicular tetragon (trapezsium) to 
find the area. — Gan. Equilateral tetragons are two-fold : with equal and 
with unequal diagonals. The first rule regards the equilateral tetragon 
with unequal diagonals (the rhombus).— Sdr. 

^ Ayata^ a long quadrilateral which has pairs of equal sides, ^Gan. 



( 99 ) 


176. Example. Mathematician, tell both diagonals 
and the area of an equilateral quadrangular figure whose 
side is the square of five : and the area of it, the 
diagonals being equal: also (the area) of an oblong, the 
breadth of which is six and length eight. 

Statement of the ^irst figure 
(rhombus). Here, assuming one 
diagonal 30, the other is found 
40 ; and the area is 600. 

Or put one diagonal 14 ; the 
other is found 48 ; and the area 
is 336. See figure. 

Statement of the second figure 
(square). 

Here, taking the square root of 
the sum of the squares (§ 134), 
the diagonal comes out as the 
surd ^1250, alike both ways. The area is 625. 

Statement of the third figure (ob- g 

long). Area 48. L 

s 

177, Example. Where the summit is eleven, the 
base twice as much as the summit, the flanks thirteen 
and twenty, and the peq>endicular twelve ; say what 
the area will be. 



Statement ; 

The gross area (§167) is 250, 
The true area (§175) is 198. 
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Or making three portions of the 

figure, and severally finding their \ ^ 
areas, we get 80, 72, 96 (see \ 
figure) ; and summing up we get ' 
for the total area 198 as before. 

[The four sides of the trapezium being given, the perpendi- 
cular is necessarily known.] 

178. Another example. Declare the diagonal, per- 
pendicular and dimensions of the area, in a figure of 
which the summit is fifty-one, the base seventy-five, the 
left side sixty-eight, and the other side twice twenty. 

179. Aphorism showing the connection of area, per- 
pendicular and diagonal. If the perpendicular be known, 
the diagonal is so ; if the diagonal be known, the per- 
pendicular is so. If they be definite, the area is deter- 
minate. For, if the diagonal be indefinite, so is the 
perpendicular. Such is the meaning. 

179 continued. Rule for finding the perpendicular.* 
In the triangle within the quadrilateral, the perpendi- 
cular is found as before taught (§163 — 164) ; the dia- 
gonal and side being sides, and the 
base, a base. 

Here, to find the perpendicular, 
a diagonal proceeding from the 
extremity of the left side to the 
origin of the right one is assumed 
to be 77 ; see figure. By this a triangle is constituted 
within the quadrilateral. In it that diagonal is one 
side, 77 ; the left side is another, 68 ; the base continues 
such, 75, Then, proceeding by the rule {§§163—164), 

‘ The diagonal being either given or assumed. — Gan, 
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the segments are found, and and the perpendi- 
cular, 

[The problem given is indeterminate, unless a diagonal, or an 
angle, or a perpendicular distance be given. So one diagonal 
is supposed to be 77. The process then adopted is the same as 
that shown in the note to §§163 — 164.] 

180. Rule to find the diagonal, when the perpendi- 
cular is known. 

The square root of the difference of the squares of 
the perpendicular and its adjoining side is pronounced 
the segment. The square of the base less that segment 
being added to the square of the perpendicular, the 
square root of the sum is the diagonal. 

In the above quadrilateral, the perpendicular from 
the extremity of the left side is put -S-g-S-. Hence the 
segment is found ; and by the rule (§180) the 
diagonal comes out 77. 

[The reason for the rule is manifest.] 

181 — 182. Rule to find the second diagonal : two 
stanzas. 

In this figure, first a diagonal is assumed.' In the 
two triangles situated one on each side of the diagonal, 
this diagonal is made the base of each ; and the other 
sides are given : the perpendiculars and segments* must 
be found. Then the square of the dilFerence of two 
segments on the same side® being added to the squai’e 
of the sum of the perpendiculars, the square root of 


* Either arbitrarily (see §183) or as given by the conditions of the ques- 
tion.— Gan. 

* The two perpendiculars and the four segments. — Gan. 

* Square of the interval of two segments measured from the same extre- 
mity. 
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the sum of those squares will be the second diagonal 
in all tetragons.^ 

In the same quadrilateral, the length of the diagonal 
passing from the extremity of the left side to the origin 
of the right one, is put 77. Within the figure cut by 
that diagonal line, two triangles are formed, one on each 

side of the diagonal. Taking 
the diagonal for the base of each, 
and the two other sides as given, 
the two perpendiculars and the 
several segments must be found 
by the method before taught. 

Thus the perpendiculars are A H 7s 
found, 24 and 60. Segments of the base made by the 
former, 45 and 32 ; those made by the latter, 32 and 45. 
Difference of the segments on the same side (that is, so 
much of the base as is intercepted between the perpen- 
diculars) is 13. Its square 165). Sum of the perpen- 
diculars 84. Its square 7056. Sum of the squares 
7225. Square root of the sum 85. It is the length of 
the second diagonal. So in every like instance. 



* In the figure which is divided by the diagonal line, two triangles are 
contained, one on each side of that line; and their perpendiculars, which 
fall one on each side of the diagonal, are thence found. The difference 
between two segments on the same side will be the interval between the 
perpendiculars. It is taken as the upright of a triangle. Producing (see 
above figure) one perpendicular by the addition of the other, (i. e., drawing 
OB perpendicular to AF produced), the sum (^<9)is made the side of the 
triangle. The second diagonal (-4(7) is hypotenuse. A triangle {ABC) is 
thus formed. From this is deduced, that the square root of the sum of the 
squares of the upright (which «= CB » BF — BE) and side (which 

^ AB AF + CE ) will be the second diagonal t and the rule is demons* 
trated. — Gan. 

Xu au equilateral tetragon, there is no interval between the perpendiculars ; 
aud the seooud diagonal is the stun of the perpendiculars. — lbid» 
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[The reason for the rule will be clear from the explanation 
given by Ganesa, cited in the foot-note. In the particular ex- 
ample chosen, it happens (see above figure) that DF=EB, 
but "this need not always be the case. It also happens from 
the values of AB, BC, CA, that the angle ABC is a right 
angle.] 

183. Rule restrictihg the arbitrary assumption of a 
diagonal : a stanza and a half. The sum of the shortest 
pair of sides containing the diagonal being taken as a 
base, and the remaining two as the legs (of a triangle), 
the perpendicular is to be found : and, in like manner, 
with the other diagonal. The diagonal cannot by any 
means be longer than the corresponding base, nor 
shorter than the perpendicular answering to the other. 
Adverting to these limits, an intelligent person may 
assume a diagonal. 

For a quadrilateral, contracting as the opposite angles 
approach, becomes a triangle ; wherein the sum of the 
least pair of sides about one angle is the base, and the 
other two are taken as the legs. The perpendicular is 
found in the manner before taught. Hence the shrink- 
ing diagonal cannot by any means be less than the per- 
pendicular ; nor the other be greater than the base. It 
is so both ways. This, even though it were not men- 
tioned, would be readily perceived by the intelligent 
student, 

[What the author intends to say is (see figure to §§ 181-182) 
that the diagonal i?Z> cannot be longer than JDC + BC, but 
always shorter ; nor can it be shorter than the perpendicular 
DH, but always longer. (Euclid, I. 20 and 19). The first 
sentence of the above section is meaningless ; and so also is the 
proof given, viz., “For a quadrilateral, contracting, &c.”] 

184. Rule to find the area : half a stanza. The 
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sum of the areas of the two triangles on either side of 
the diagonal is assuredly^ the area in this figure. 

In the figure last specified, the areas of the two 
triangles are 924 and 2310. The sum of these is 3234, 
the area of the tetragon, 

[The area of the triangle BCD (see figs, to §§ 181-182) is 
924, and that of the triangle ABD is 2310.] 


185 — 186. Rule : two stanzas. Making the differ- 
ence between the base and summit of a (trapezium or) 
quadrilateral that has equal perpendiculars, the base 
(of a triangle), and the sides (its) legs, the segments 
of it and the length of the perpendicular are to be 
found as for a triangle. From the base of the trape- 
zium subtract the segment, and add the square of the 
remainder to the square of the perpendicular ; the square 
root of the sum will be the diagonal. 


In a (trapezium or) quadrilateral that has equal per- 
pendiculars, the sum of the base and least flank is 
greater than the aggregate of the summit and other flank. 


[The rule gives the method of finding the diagonals of a 


It is demonstrated by 


trapezium the sides of which are given. 

Ganesa in the following manner : — 

Let the two triangles 
ABE^ DEC be united into 
one triangle A'B'C'^ their 
altitudes being equal. Then 
the altitude A Ef of the new 
triangle AB^ O is the alti- 
tude of the trapezium, and 
the segments R'jE', BCJ will be equal to BE, FC. Hence AC^ 
^AFP + EC^:=:sAE^4-(BC--B'Ejy, which leads to the rule. 



* It is the true and correct area, conti:il|^ted with the gross or inexact area 
of former writers. —Gan. and Sur. 
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Also, AB'+B'C>A'C, 

AB + BE + FC A EF>AD + DC, { ■; AD = EF) 
i. e., AB+BC >AD+DC. 

AB need not be the ‘ least flank.’] 

187 — 189. Example. The sides measuring fifty-two 
and one less than forty, the summit equal to twenty- 
five, and the base sixty, this was given as an example 
by former writers for a figure having unequal per- 
pendiculars ; and definite measures of the diagonals 
were stated, fifty-six and sixty-three. Assign to it 
other diagonals, and those particularly which apper- 
tain to it as a figure with equal perpendiculars. 




Here assuming one diagonal 63, the other is found 
as before, 56. Or, putting 32 instead of 56 for a dia- 
gonal (Fig. 2), the other, found by the process before 
shown, comes out in two portions, both surds, 
and -/2700. The sum of the roots (extracted by ap- 
proximation) is the second diagonal 76 f |. 

[In Fig. 2, if we drop perpendiculars from B, D on AC, and 
find the segments of AC by § 163, we shall find that AC, 
BD intersect aj right angles, and that AO = 30. 

Hence BD^BO+DO’== ^60'"- 30^ -f 
= -b = 30 V^3 -h 3 = 30 X 1- 732 . . . -h 3 X 8*307 . . . 

= 51-96... -I- 24-921... = 76-88... = 76|f nearly. The root is 
approximately extracted in tife manner indicated in § 138.] 
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Again, if the above quadrilateral (Fig. 1) be one with 
equal per^ndicalars, a trape- 
zium, (Fig. 3), consider the trian- 
gle A’B'D' (Fig. 4), put to find 
the perpendicular DE, and the 
segments AE, FB, according to 
the rule in §§ 185-186. Here the^ 
segments are found f and ; 
and the perpendicular, the surd 
of which the root found 
by approximation is 38ff|. It 
is the equal perpendicular of the 
trapezium. 



A E' 


Fig. 4. 

Next to find the sum of the squares of the perpen- 
dicular and difference between base and segment, we 
have, base of trapezium, 60 ; least segment f ; differ- 
ence ^1-^; square of the difference square of the 

perpendicular sum or dividing by the 

denominator, 5049. It is the square of one diagonal 
(BD). Similarly, the square of the other diagonal 
(AC) is 2176. Extracting the roots of these squares 
by approximation, the two diagonals come out 71^\ 
and 46|^|, 


In the above trapezium, the short side 39 added to 
the base 60 makes 99, which is greater than the ag- 
gregate of the summit and other flank, 77. Such is 
the limitation. 


Thus, with the same sides, may be various diagonals 
in the tetragon. , Yet, though indeterminate, diagonals 
have been sought as determinafe, by Elrahmagupta and 
others. Their rhle is as foUdii:— 
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190. Rule.* The sums of the products of the side® 
about both the diagonals being divided by each other, 
multiply the quotients by the sum of the products of 
opposite sides ; the square roots of the results are the 
diagonals in a quadrilateral. 

The objection to this mode of finding the diagonals 
is its operoseness, as I’shall show by proposing a short- 
er method. 


[The rale applies only to a quadrilateral which can be in- 
scribed in a circle. This, however, is not mentioned in the 
rule. 


Let ABCD be such a quadrilateral, 
and let A3 = a, BC’^b, C3 = c, 
3A^d, 


Then A(P 
and BD^ 


(ac + fed) (ad + bc) 
db d" cd 

(acA-bd) (ab+ed) 
ad+be 



B 


(See Todhunter’s Trigonometry, Art. 254.) Thus the reason 
for the rule is obvious. 

In the quadrilateral in §§ 187-189, Fig. 1, the sides are so 
taken that the diagonals intersect at right angles ; and we 
easily find 05=48, 05 = 15. Thus cos ( 05 J.) = ^| = 
and cos (005) = ff=xV Hence angle 05A= angle OCB, 
and therefore a circle passes round the quadrilateral. Con- 
sequently, the rule in § 190 will apply to this quadrilateral. 
It is probable that the rule was derived a posteriori from this 
particular instance, and not a priori from the fact of the quad- 
rilateral being inscribable in a circle. The same quadrilateral is 
given as an example of the rule by Chaturveda Prithiidaka 
Swdmi, in his commentary on Brahmagupta’s treatise.] 

191— 192. Rule : two statizas. The uprights and 


' A ooaplet oUed Brahmagupta, XII, 28, 



( 108 ) 


sides of two assumed right-angled triangles,* being 
multiplied by the reciprocal hypotenuses, become sides 
(of a quadrilateral) : and in this manner is constituted 
a quadrilateral, in which the diagonals are deducible 
from the two triangles.® The product of the uprights 
added to the product of the sides is one diagonal ; the 
sum of the products of uprights rfnd sides recipi’ocally 
multiplied, is the other.® When this short method 
exists, why an operose one was practised by former 
writers, we know not. 


' Assumed conformably with the rule in §146. An objection, to which 
Ganesa adverts and which he endeavours to obviate, is that this shorter 
method requires sagacity in the selection of assumed triangles ; whereas 
the longer method is adapted to all capacities. 

^ This method of constructing a quadrilateral is taken from Brahmagupta, 
XII, 38. 

* A quadrilateral is divided into four triangles by its intersecting diago- 
nals ; and conversely, by the junction of four triangles, a quadrilateral is 
constituted. For that purpose, four triangles are assumed in this manner. 
Two triangles are first put in the mode directed (§U6), the sides of which 
are all rational. Such sides, multiplied by any assumed number, will con- 
stitute other right-angled triangles, of which also the sides will be rational* 
By the t\yofold multiplication of hypoteiluse, upright and side of one assumed 
triangle by the upright and side of the other, four (right-angled) triangles 
are formed, such that turning and adapting them and placing the multiples 
of the hypotenuses for sides, a quadrilateral is composed, (as shown below). 



Here the uprights and sides of the arbi- 
trary triangles (the first two on the left 
side), reciprocally multiplied by the hypo- 
tenuses, become sides of the quadrilateral ; 
and hence the directions of the rule (§191). 

fn a quadrilateral so constituted, it is 
apparent that the one diagonal {AC) is 
composed of two parts ; one the product 
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[This rule is of no importance whatever. It applies only to 
quadrilaterals constructed in the artificial manner indicated 
by the author, and fully explained by Ganesa ; see foot-note. 
It is curious that the author, while censuring Brahmagupta’s 
important rule (§190) as operose, entirely forgets that the rule 
propounded by himself is comparatively unimportant and of 
very limited application.] 

Assuming two riglit-angled triangles, multiply the 
upright and side of one by the 
hypotenuse of the other : the great- 
est of the products is taken for the 
base ; the least for the summit ; and ^ 
the other two for the flanks. ( See 
Fig. 1 in the foot-note.) 

the uprights, tho other the product of the sides of the arbitrary triangles. 
The other diagonal {BB') consists of two parts, the products of the reci- 
procal multiplication of uprights and sides. These two portions are the per- 
pendiculars, for there is no interval between the points of intersection. This 
holds, provided the shortest side be the summit ; the longest, the base ; and 
the rest, the flanks. But if the component triangles 
be otherwise adapted, the summit and a flank change 
places, as in the adjoining figure. Here the two 
portions of the. first diagonal as above found (ris?., 

48 and 16) do not face, but are separated by an 
interval, which is equal to the difference between 
the two portions (30 and 20) of the other diagonal, 
viz.^ 16, It is the difference of two segments on 
the same side, found by a preceding rule (§§181- A. JB 

182), and is taken for the upright of a triangle Fig. 2. 

as already explained (§§181-182, note) ; the sum of the two portions of the 
diagonal equal to the two perpendiculars is made the side. The square 
root of the sum of the squares of such upright and side is equal to the 
product of the hypotenuses (13 and 6) : wherefore the author adds, “if the 
summit and flank change places, the f rst diagonal will be ,)bhe product of 
the hypotenuses.” (The MSS. have Jirstj but Bh^skara’s text exhibits second 
instead.) i i 

[This last remark is not clearly explained by the commencator. IB^rbih th4 

AB ' 

calculated values of AE and FB (see Fig. 2), we find that Qin ABB ja. 

Ad 

4ft 4 f'Jl 20 4 < 

^ ; and cos CBF =a — ~ 6* a rigrllt kngTb, 
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Here with much labour (by the former method) the 
diagonala are found 63 and 66. 

With the same pair of right-angled triangles, the 
products of uprights and sides reciprocally multiplied 
are 36 and 20 ; the sum of which is one diagonal, 56. 
The products of uprights multiplied together, and sides 
taken into each other, are 48 and 15 ; their sum is the 
other diagonal, 63. Thus they are found with ease. 

But if the summit and flank change places, and the 
figure be stated accordingly, the second diagonal will 
be the product of the hypotenuses of the two right- 
angled triangles, viz., 66. (See Fig. 2 in the foot-note.) 


And •.* AB = B X 12, and BC=‘BX5, 

/. AG =5x13, and the truth of the remark is obvious. It need 
hardly be added that the remark applies only to quadrilaterals ooastruoted 
in the artificial manner indicated by the author. —E d.] 


In like manner, for the tetragon before 
instanced (§178), to find the diagonals, a 
pair of rectangular triangles is put. Pro* 
oeediug as directed, the diagonals come out 
77 and 81 (See Fig. 8.) 



3 





40 


Fig, Si 

In the figure instanced, a transposition of tjie flahk and summit takes place 
(see Pig. 4 which corresponds to the tetragon Instanced in §178) ; wherefore 
the prodnot of the hypotenuses (6 and 17) of the two right-angled triiwgles 
will be the second diagonal ; and they th^ come bat 77 and 86.-Gan. 
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193 — 194. Example.^ In a figure in which the 
base is three hundred, the summit a hundred and 
twenty-five, the flanks two hundred and sixty and one 
hipidred and ninety-five, one diagonal two hundred 
and eighty and the other three hundred and fifteen, and 
the perpendiculars a hundred and eighty-nine- and two 
hundred and twenty-four, what are the portions of 
the perpendiculars and diagonals below the intersections 
of them ? and the perpendicular let fall from the inter- 
section of the diagonals, with the segments answering 
to it ? and the perpendicular of the needle formed by 
the prolongation of the flanks until they meet, as well 
as the segments corresponding to it ? and the measure 
of both the needle’s sides ? All this declare, mathema- 
tician, if thou be thoroughly skilled in this (science of®) 
plane figure. 

Statement. Length of the base 
300. Summit 125. Flanks 260 and 
195. Diagonals 280 and 315. Per- 
pendiculars 189 and 224. 

195 — 196. Rule; two stanzas. The interval be- 
tween the perpendicular and its correspondent flank is 
termed the sandhi^ or link of that perpendicular. The 



A G H B 


* Having thus, from §173 fco thijj pJaoe, shown the method of finding the 

area, &o., in the fourteen sorts of quadrilaterals, the author now exhibits 
another quadrilateral, proposing questions concerning segments produced by 
intersection. — Gan. For the instruction of the pupil, he exhibits the figure 
called a needle.— 

The problem is taken from Brahmagupta with a slight variation ; and this 
example differs from his only in the scale, his numbers being here increased 
five-fold, See Brahmagupta, Xil> 32; 

* Manor ana, 

* union, aUianco j oonneating link. 
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base less the link or segment is called the pltha} or com- 
plement of the same. The link or segment contiguous 
to that portion (of perpendicular or diagonal) which is 
sought, is twice set down. Multiplied by the other 
perpendicular in one instance, and by the diagonal in 
the other, and divided (in both instances) by the com- 
plement belonging to the other (perpendicular), the 
quotients will be the lower portions of the perpendi- 
cular and diagonal below the intersection. 

Statement. Perpendicular 189. Flank contiguous 
to it 195. Segment intercepted between them (found 
by §134), 48. It is the link. The second segment is 
252, and is called the complement. 

In like manner, the second perpendicular is 224. 
The flank contiguous to it, 260. Interval between them, 
being the segment called link, 132. Complement 168. 

Now to find the lower portion of the first perpendi- 
cular 189. Its link 48 separately multiplied by the 
other perpendicular 224 and by the diagonal 280, and 
divided by the other complement 168, gives quotients 
64, the lower portion of the perpendicular, and 80, the 
lov|er portion' of the diagonal. 

So for the second perpendicular 224, its link 132, 
severally multiplied by the other perpendicular 189 and 
by the diagonal 315, and divided by the other comple- 
ment 252, gives 99 for the lower portion of the per- 
pendicular, and 165 for that of the diagonal. 

[The object of the rule is to find EO, EA, FH, FB. (See 


figure, §§193-194). 

From similar triangles we have. 


EG 

OA 




* IHthaf lit. stool. Here the oomplement of the segment. 
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, AE OA , GAyaAC 

and -r-r; » whence AE « yt-a — . 

AV HA' HA 

Similarly for FH and FB. 

Hence the reason for the rule is clear.] 

197. Rule to find the perpendicular below the inter- 
section of the diagonals. 

The perpendiculars multiplied by the base and divid- 
ed by the respective complements, are the erect poles : 
from which the perpendicular let fall from the intersec- 
tion of the diagonals, as also the segments of the base, 
are to be found as before.^ 

Statement. Proceeding as directed, ^ /. ^ 

the erect poles are found 225 and 400. N. / \,/| 
Whence, by a fermer rule (§159), the i 

perpendicular below the intersection /^ \\| 
of the diagonals is deduced, 144 ; and a " gm — B 
the segments of the base 108 and 192. 

[The method employed is first to find AK, BL, the erect 
poles or perpendiculars on AB, and then to apply §159 to find 

A.K C T) 

OM. Now from similar triangles we have whence 

GDxAB ^ , , „ 


AK=- 


with a similar value for BL. Hence the rule.] 


198 — 200. Rule to find the perpendicular of the 
needle,* its legs and the segments of its base ; three 
stanzas. The proper link multiplied by the other per- 
pendicular and divided by its own, is termed the mean f 
and the sum of this and the opposite link is called the 
divisor.* Those two quantities, namely, the mean and 


* By the rale in §169, 

* needle ; the triangle formed by the flanks of the quadrilateral 
until they meet, 

* 8ama, mean ; a fourth proportional to the two perpendiculars and the 
link or segment. 

^ Mara^ divisor ; the sum of the mean and the other link or segment. 

B, M 8 
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‘the opposite link, being multiplied by 'the base and 
divided by that divisor, will be the respectite segments 
of the needle’s base. The other perpendicular, multi- 
plied by the base and divided by the divisor, wiirbe 
the perpendicular of the needle. The flanks, multiplied 
by the perpendicular of the needle and divided by their 
respective perpendiculars, will be the legs of the needle. 
Thus'may the subdivision of a plane figure be conduct- 
ed by the intelligent, by means of i the Rule of Three. 

Here the perpendicular being 22'4, its ‘lirfe is 132, 





This multiplied by the other perpen- 
dicular, wV., 189, and divided by its 
own, viz., 224, gives the mean as it is 
named, The sum of this and 

the other link 48 is the divisor as it" is 
called, The mean and the other 

link severally taken into the base, being divided by this 
divisor, give the segments of the needle’s base, 
and The other perpendicular 189, multiplied hy 

the base and -divided by fhe same divisor, yields fhe 
perpendicular of the needle, The sides' 1^5 .and 

260, multiplied by the needle’s perpendicular and divid- 
ed by their ovm perpendiculars 'respectively, ?>;,^.,’189 
and ' 224, give the legs of the needle, 'Which are ‘the 
sides of the quadrilateral produced, m.,'AffU and^^fu. 


Thus in all instances under this head, taking the 
divisor Tor the argument, and making the multiplicand 
or mhltiplicator, as the case may be, the fruit or -requi-i 
sition, tbe Rule of Three is to be inferred by the ^intel- 
ligent mathematician. 

‘ [Tbe object of the rule is to find PA, PB, iVP, BA,^B~(me 
above fignre). It is.deinonstrated by Gianesa lin the following 
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manner : — ^Throtigh D draw jDQ parallel to MB, meeting AB 
in Q. Ihen ithe triangles AQB and ABM are similar, and 

^AB AM MP PB PA 
we evidently, get-^^ “"SI* * ’ 


(1). Now 


BQ 

BG 


EB 


from similar triangles ; thus GQ' 


HBxDG 


i what 


whence MA 


XAV*** »XXXXXXM)X y tJJLJL\M.Kf VJI (j J[J[ 

the author calls mean^ and consequently AQ ov meani{‘ AG^ 

GO X AJ3 

what the author calls Thus finally, — 

p . mean x base i n a OA x AB ^ . . 

K5Sr-i “1 '“">(1) - 

opposite link X base * . « NP AB , 

• -^8^ f”” m 'X<2- 

_ other perpendicular X base y MA _MP 

e= and similarly for iVB.] 

201. Rule.^ When the diameter of a circle® is mul- 
tiplied by three thousand nine hundred and twenty- 
seven land divided by twelve hundred and fifty, the 
quotient is the near® circumference : or multiplied by 
twenty-two and divided by seven, it is the gross circum- 
ference adapted to practice*. 


* To deduco the oiroumference of a circle from its diameter, and the 
diameter; from the circumference. ~~Gan. 

* Vritta^ mrtulay a circle. Vy^sa^ vishkambhay vistritiy vistdray the 
breadth or diameter of a circle, Paridhi, parindhay vrUti, nemi (and other 
eynonyms of the felloe of a wheel), the circumference of a circle. 

^ delicate or fine ^ nearly precise ; contrasted with sthMay gross, 

or somewhat less exact, but sufficient for common purposea— Gang, and Sdr. 

Brahmagupta puts the ratio of the circumference to the diameter as three 
to one for the gross talne, and takes tihe square root of ten times the square 
*>f the diarueter for the neat value of the oiroumference. See Brahma. XII, 
40. [This is more rough even than j for /v?To = 3*1622... , and = 
iii42867.--.ln.] 

* As the diameter Increases cr diminishes, so does the circumference in- 
crease or diminish: therefore to find the one from the other, make propor- 
tion, as the diameter of a known circle is to the known circumference, so is 
the given diameter to the circumference sought : and conversely, as the 
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[Ganesa shows ^see foot-note) that if the measure of the dia- 
meter of a circle he 1250, that of the side of a regular'polygon 
of 384 sides inscribed in the circle will be very nearly 3027 

(more accurately it will be = /v/98683 x 12'5 «= 3926'625 ). 

This shows the degree of approximation of the fraction^ff-l^ 
to the value of ir. Converting the fraction into a decimal we 
get 3'1416, the true value of ir being 3‘14159 . . . .] 

202. Example. Where the' measure of the diame- 
ter is seven, friend, tell the measure of the circum- 
ference : and where the circumference is twenty-two, 
find the diameter. 

Statement : diameter 7. 

Answer : circumference 21^f|§, or gross circum- 
ference 22. 

Statement : circumference 22. 

Reversing multiplier and divisor, the diameter 
comes out 7^^|y ; or gross diameter 7. 

circumference is to the diameter, so is the given circumference to the diame- 
ter sought. 

Further, the semi-diameter is equal to the side of a regular hexagon with- 
in the circle, as will be shown. From this the side of a regular dodecagon 
may be found in this manner : — the semi -diameter 
being hypotenuse, and half the side of the hexagon, 
the side, the square root of the difference of their 
squares is the upright : subtracting which from the 
semi-diameter, the remainder is the arrow (or height 
of the arc). Again, this arrow being the upright 
and half the side of the hexagon, a side, the square 
root of the sum of their squares is the side of the dodecagon. From this, 
in like manner, may be found the side of a polygon of 24 sides : and so on, 
doubling the number of sides in the polygon, until the side be near to the 
arc. The sum of such sides will be the circumference of the circle nearly. 
Thus, the diameter being 100, the side of the dodecagon is the surd ^673 ; 
and that of a polygon of 884 sides is nearly equal to the arc. By computa- 
tion it comes out the surd -^98683. Now the proportion, if to the square 
of the diameter put at 100, viz., 10000, this be the square of the circum- 
ference, viz., 98683, then to the square of the assumed diameter 1260, viz.^ 
1662500, what will be the circumference ? Answer ; the square root 3927 
without remainder. — Gan. 
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203. Rule. In a circle, a quarter of the diameter 
multiplied by the circumference is the area. That 
multiplied by four* is the net all around the ball.* 
This, content of the surface of the sphere, multiplied 
by the diameter and divided by six, is the precise solid, 
termed cubic, content within the sphere.® 

[This rule gives the well-tnown expressions for the area of a 
circle, and the surface and volume of a sphere. Ganesa gives 

* Or rejecting* equal multiplier and divisor, the circumference multiplied 
by the diameter is the surface. — Gan, 

* Prishtha-pliala^ superficial content ; compared to the net formed by the 
string with which cloth is tied to make a playing ball. Oharia-phala^ solid 
content : compared to a cube, and denominated from it, cubic. 


WIWJ 

I\N1\N\KN\ 


® Dividing the circle into two equal 
parts, cut the content of each into 
any number of equal angular spaces, 
and expand it so that the circumfer- 
ence may become a straight line as in 
the adjoining figure. Then let the 
two portions’ approach so that the angular spaces of the one may enter into 
the similar intermediate vacant spaces of the other, as in the figure, thus con- 
stituting an oblong, of which the semi-diameter is 
one side, and half the circumference the other. The \\\\\\\\1 
product of their multiplication is the area. Half by ' ^ ^ ^ ^ ^ 

half is a quarter. Therefore a quarter of the diameter ipultiplied by the 
circumference is the area. — Gan, 


See in the OoUdhydya of the Siddhdnta-siromani, a demonstration of 
the rule, that the surface of a sphere is four times the area of a great circle, 
or equal to the circumference multiplied by the diameter.— [See the 
Bolddhy&ya^ Wilkinson’s translation. III, 62. — Ed.] 

To demonstrate the rule for the solid content of a sphere, suppose the 
sphere divided into as many little pyramids, or long needles with an acute 
tip and square base, as is the number by which the surface is measured, the 
height of each pyramid being equal to the radius of the sphere. The base 
of each pyramid is a unit of the scale by which the dimensions of the surface 
are reckoned ; and the altitude being a semi-diameter, one -third of their pro- 
duct is the content : for a needle-shaped excavation is one-third of an ex- 
cavation in the form of a rectangular parallelepiped of the same base and 
height, as will be shown (§221). Therefore (unit taken into) a sixth part 
of the diameter is the content of one such pyramidical portion : and that 
multiplied by the surface gives the solid content of the sphere.— 
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interesting* but( r<mgh demonstrations in: the case off the area 
of a circle* and tte volume of a sphere^ and refers to the 
Golddhydya for the case of the surface of a sphere. See foot- 
note.] 

204. Example. Intelligent friend^ if thou' know, well* 
tke spotless Ltldvatt, say what the area of a circle, 
is, the diameter of which is measured by seven : and 
the surface of a globe, or area like a net upon a ball) 
the diameter being seven ; and the solid content with- 
in the same sphere. 

Statement : diameter 7. 

Answer: area of the circle, Superficial con- 

tent of the sphere, 153^|^§. Solid content of the 
sphere, 179^|^^-J. 

205 — 206. Rule: a stanza and-a half. The square- 
of the diameter being multiplied by three thousand 
nine hundred and twenty-seven, and divided by five 
thousand, the quotient is the nearly precise area ; or 
multiplied by eleven and divided by fourteen, it is the 
gross area adapted to common practice. Half the 
cube of the diameter, with its twenty-first part added 
to it, is the solid content of the sphere. 

The area of the circle, nearly precise, comes out as 
before or gross area 38|^. Gross solid content 

179|. 

[The area of a circle = jwd*, d being the diameter 

3927 „ 3927^ 

4 X 1250® “ 5000* ’ 

or more ronghly =-; — ^ ‘ 

=>•'4x7 14 
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Again, the volnme of a sphere = d being the diameter 

“ |^*rongh]y 



Thns the reasons for the rules are obvious.] 

206 — 207. Rule^ ;*a stanza and a half. The sum 
and difference of the chord and diameter being multi- 
plied together, %nd the square root of the product^ 
being subtracted from the diameter, half the remain- 
der is the arrow.* The diameter less the arrow being 
multiplied by the arrow, twice the square root of the 
product is the chord. The square of half the chord 
being divided by the arrow, the quotient added to tile- 
arrow is pronounced to be the diameter of the circle. 
[By the word arrojo is meant the height of the arc. 

Siiryaddsa gives, the following proof of the formula for. the 
arrow. 


Bet AB be the chord, CD, the arrow, 
and 0 the centre. Join BO, and produce 
it to meet the circumference in E. Draw 
the chord EGF perpendicular to the 
diameter DH. Join BE. 



Then CD = i {DH—CG)^i {DH—BF) 

{DH— ^ BIF—EF) --\.iDH—<^DW—AB^), 
whence the rule. 


* In a circle cut by a right line, to find the chord, arrow, &o. ; that is, either 
the chord, the arrow, or the diameter being unknown, and the other two 
given, to find thb one from the others. — Gan. and Sfir. 

* A portion of the circumference is {dhanush^ cMpa), The right 

line between its extremities, like the string of a bow is its chord (jivd^ jydf 
guna^ mamvi). The line between them is the arrow {sara^ uhu)^ as resem- 
bling one set on a bow.— Gan. and Siir. 
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Again, CH. CD- AC* (Enclid III. 35) 

AB 1 2AC= '2>^CH. CD. 

208. Example. In a circle of which the diameter 
is ten, the chord being measured by six, say friend 
what the arrow is : and from the arrow tell the chord : 
and from chord and arrow, the diameter. 

Statement : diameter 10. When the chord is 6, the 
length of the arrow comes out 1. 

Or, the arrow being 1, the chord is found 6. Or 
from the chord and arrow the diameter is deduced 10. 

209 — 211. Rule;' three stanzas. By 103923, 
84853, 70534, 60000, 52055, 45922, and 41031, 
multiply the diameter of a circle, and divide the re- 
spective products by 120000; the quotients are sever- 
ally, in their order, the sides of polygons from the 
triangle to theenneagon (inscribed) within the circle.* 


* To find the sides of regular inscribed polygons. — Gan. and Stir. 

^ Besoribe a cirole with any radius at pleasure» divide the oiroumferenoe 
into three equal parts and mark the points ; 
and with these points {A, f?) as centres and 

with the same radius, describe three circles, 
which will be equal in circumference to the 
first circle ; and it is thus manifest that the 
side of the regular hexagon within the circle 
is half a diameter. 

The side of an equilateral triangle (inscribed) in a cirole is the upright , 
the diameter is hypotenuse and the side of the hexagon is side of a right- 
angled triangle. Qee above figure. Therefore the square root of the differ- 
ence of the squares of the semi-diameter and diameter is the side of the (in- 
scribed) equilateral triangle: for the proposed diameter (120000), 

103023 
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4 

[In this rule the author gives the fractious by which the 
diameter of a circle is to be severally multiplied, in order to 
get the sides of inscribed regular figures from the triangle to the 
enneagon. Ganesa shows by a purely geometrical method how 
the-fractions are arrived at, in the case of the triangle, the square, 
the hexagon, and the octagon ; and remarks that a similar proof 
cannot be given in the case of the pentagon, the heptagon and 
the enneagon. See foot-note. Siiryaddsa tries to supply the 
proofs in these cases, but his attempt is a failure ; for the proofs he 
gives are not at a^ rigid and satisfactory, and it is not worth 
while to give thenHn the foot-note, as Oolebrooke does. By the 
help of trigonometrical tables, proofs in all the cases may be 
given in a general manner as follows : — 

Let a denote the side of a regular polygon of n sides inscribed 
in a circle of radius r. Then a « 2r sin^ (see Todhunter’s 
Trigonometry, Art. 255). Hence, side of inscribed equilateral tri- 
angle = 2r sin 60° = 2r ‘ = 2r x -8660254... 

ju 

Now the fraction *866025 ; thus the approximation is 

very close. 

The side of the inscribed square » 2r* sin ^ = 2r = 2r x 
•7071067.... 

Now the fraction *7071083 ; thus the fraction is a 

little too large. 

The side of a square is hypotenuse, and the 
semi-diameter is upright and side. Where- 
fore the square root of twice the square of the 
semi-diameter is the side of the (iDsoribed) 
square : viz,^ for the diameter asBum|d, 84863. 

The side of the regular octagon (see above figure) is hypotenuse, half the 
side of the square is upright, and the difference between that and the semi- 
diameter 18 the side. Wherefore the square root of the sum of the squares 
of half the side of the square and the semi-diameter less half the side of the 
is the side of the (inscribed) regular octagon .* viz.^ for the diameter 
as put, 46922. 

The proof of the sides of the regular pentagon, heptagon and enneagon 
cannot he shown in a similar manner.— Gnn. 
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The sifih of ^tlie ihscrilfed’petitegon ^2rsin36'' —^4* X^’SSTTSSS 
from a table of natural sines. Now the fraction 
*587783 ; thus the fraction is a little too small. 

The side of the inscribed hexagon is equal to the radius* 

The side of the inscribed heptagon ^ 2^ sih (25^ 42** SF)* 
nearly = 2r x *4338819 from the tables and the theory of "pm 
portional parts. Now the fraction « •483791d; thus the 

fraction is a little too small. 

The side of the inscribed octagon « 2^ sin 22 J® '«2f x •382^884? 
from the tables. Now the fraction iWu% ^P82683 ; thus the 
approximation is very close. 

The side of the inscribed nonagon** 2r sin 20®'*» 2fx *8420201' 
from the tables. Now the fraction *341925'; thhs the^ 

fraction is a little too small. 

m the appendix to the GolddA^ya^ cmUedsJ^o^jKi^^^VJSMsl^ 
has given an elaborate method of constructing the sines of, 
various angles, adopting the old definition of the sine. (See 
Todhunter’s Trigonometry,, Art. 71.)' The values deduced*^ by ^ 
Ks method closely approximate tbervalueargiven an nur modem 
tables, there being slight discrepancies in some oases,, which 
account for the discrepancies noticed above between the values 
of the sides of some of the inscribed regular polygons as given 
in the text, and their values as calculated from the tables* A 
thble of sines and versed sines of' certain \ angles in arithmetical 
progression is also given in the Sdrya-siddMnta^ II; 15^27, the 
values there stated being less accurate than those deducible. from 
BhAskara’s method. See Sdrgc^siddMnkif^kpk Deyu>SAiitrik. 
translation, II. 16, foot-note. The decimal notation is nowhere*^ 
used either by BhAskara or iu.the Sdrya^siddh&tda. See note 
to §138. 

EaDanaplfe. Within^a cirote*^ 
meter is two thousand, tell me seveyAlly tile sidfes of 
the insorihed e^lateral triangle aud othe^ 

Statement : diameter 2000. 

Answer,: side of the. triangle^ of thotetm-- 

gon, 1414|t; of the pentagon! W7%5^; 
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m 

gpn, 1000,; of the heptagpn, 367^^,; oftJie oatagon, 
765^^; of the nonagon, 683|^. 

From variously assumed diameters; other chords are 
deducible, as will be. shown by us under the head of 
construction of sines (Jyotpatti) in the treatise on 
Spherics; 

[See GolMhydya, appendix, Wilkinson’s translation.] 

The following rule teaches a short method of fihdr 
ing the gross* cliords. 

213. Buie. The circumference less the arc being 
multiplied by the arc, the product is termed first.* 
From the quarter of the square of the circumference 
multiplied' by five, subtract that first product, and by 
the remainder divide the first product taken into four 
times the diameter. The quotient will' Be the chord'. 


[This rule, as the author himself observes, gives a method 
of finding approximately the ohordSiof given arcs of a circle. 
The commentators, give an unsatisfactory, and almost fanciful; 
demonstration of the rule. The nature of the approcsimatioiL 
may be shown thus 


Let A3 be the given arc whose chord 
is tb be fbund. Draw the diameter BOC, 
and' join, A3, AO. Let' 0 denote the 
angle jI O C, rthe radius, and ethe oir- 
oumferenee of the circle. Then tihe value 



of the chord AB as given by the rule 


1 - 


aro, AOByi arc, AB x 8r 
0 *— arc ACB X are AB 
8ri(ic)*-(arc CAY Y 
+ (arc 

■»v* 


2r (4^ -40*) 
47r*+e* 


'2r; 


T+ 


(r.)’ 




Prathuna^ ddyrn^ first (pr<idu€t). 
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( g02\ 0 

1— neglecting powers of ^beyond the second, 

The’accurate value of the chord AB=ir cosf = 2r ( 1— 

2 V « 

+ &C. ). Taking tt =-«/, the value of the fraction ~ will "be 

/ 47r^ 

found to be very slightly greater than This shows the nature 
of the approximation. It is worthy of notice that the rule 
gives the exact value of the chord when the arc is a sixth part 
of the circumference. The rule appears to have been obtained 
empirically after repeated trials.] 

214. Example. Where the semi-diameter is a hun- 
dred and twenty, and the arc of the circle is measured 
by an eighteenth multiplied by one and so forth (up to 
nine*), tell quickly the chords of those arcs. 

Statement : diameter 240. 

Here the circumference is 754 (nearly). 

Arcs being taken which are multiples of an eight- 
eenth of the circumference, the (corresponding) chords 
are to be sought. 

Or for the sake of facility, abridging both circum- 
ference and arcs by the eighteenth part of the circum- 
ference, the same chords are found. Thus, circum- 
ference, 18 ; arcs, 1, 2, 3, 4, 5, 6, 7, 8, 9. Proceeding 
as directed, the chords come out 42, 82, 1 20, 154, 184, 
208, 226, 236, 240. 

In like manner, with other diameters (chords of as- 
signed arcs may be found).*" 

[We can easily test the accuracy of the values of the chords 
given above by calculating their actual values from a table of 

* Up to nine, or half the number of arcs ; for the chorda of the eighth and 
tenth will be the same, and so will those of the seventh and eleventh, and 
so forth. — Gan, 

2 Gang. &c. 
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natural sines. It will be found that the values given are in 
some cases less, and in others greater than the true values.] 

215. Rule.^ The square of the circumference is 
multiplied by a quarter of the chord and by five, and 
divided by the chord added to four times the diameter ; 
the quotient being subtracted from a quarter of the 
square of the circumference, the square root of the re- 
mainder, taken from half the circumference, will leave 
the arc. 


[This rule is derived from the preceding one. Denoting the 
arc AB (see figure in the note to §213) by x, we get AB= 


fir (c— .r) X 
■ {c—x)x 




(§ 213), whence ca?-! 


5 AB. 


-0 




5AB 


4(Sr+AB)J 


4:(8r+AB) 

\ , the upper sign being taken, 


as ^ is supposed to be less than the semi-circumference. Hence 
the reason for the rule is obvious. 


The following empirical and approximate rule for finding 
the arc is cited by Ganesa from Aryabhatta : — Six times the 
square of the arrow being added to the square of the chord, the 
square root of the sum is the arc. If 20 denote the angle sub- 
tended by the arc at the centre, and r the radius, the expres- 
sion for the arc as given by the rule 
*= sin^^ + fi^^ (1 — cos 

«ry'|10-|-2 cos^ 6-12 cos 6| 

= rV{l0d-2 (1-^-H )^-12 (1-^^-H )} 

« r . 26, (neglecting higher powers of 6), which is the true value 
of the arc. This shows the nature of the approximation in- 
volved in the rule. In the case of the semi-circle, the rule gives 
for the length of the arc the expression y'lO r, so that the value 
of TT is assumed to be y'lO.] 

216. Example. From the chords which have been 
here found, now tell the length of the arcs, if, mathe- 


' To find the arc from the chord given. 
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imaticiftn,4hcHilkiav€ BMll'in ^computing the relation 
arc {uiid '(shoTd< 

Statement : "chords, ‘42, 82, 120, 154, 18’4, 208, 226, 
'236,‘2'40. 

* y 

Circumference abri%e3 18, "The arcs thence lound 
are, 1, 2, 3, 4, 5, 6, Y, 8, 9, They must be multiplied 
by the aghteenth part of the ciroumference/ 

[BMskara has given no rule for finding the area of a bpw 
or segment of a circle. Ganesa cites in his commentaiy two 
rtiles'for ihis purpose, which are practically the same. One of 
them, due to his father Kesava, is as follows ; — -The arrow 
being multiplied by half .the the chord arid arrow, 

and a twentieth part of the .product being added, the sum 
*isi-the area of the segment. 'The other rule due to Sridhara 
is as follows : — The square of the arrow multiplied by the 
square of half the sum of the chord and arrow, being mul- 
tiplied by ten and divided by nine, the square root of the pro- 
duct is the area of the bow. Since the fraction fj- is ve^ 

mearly equal to the fraction we eee that . these two rules 

'are praCticriiiy the same. They both appear to be empirical and 
“^give very rough results, as may be readily seen by applying 
them to one or two particular cases. Thus, taking the first Tule 
and applying it to the case when the segment is a semi-6ircle, 

21 

we get for the area, the expression fbe true area being 

T denoting the radius ; so that in this case the value of ic 
is taken to be fl, which is greater than, the true value. 

and other omitted by the author, 

or elephaut’s task, which may be treated as a triauf Jo 
oording to Sridhara ; hUendu or orescent, which may be ooneidered as oom^ 
posed of two |riangles, according to the same authoi: ; or barloyoom, a 
eonyez lens, tioated^^a^^ either of two , triangles or two bows, ao« 

cording to danghdhara 'rnemi or felloe ; v^ra or thunderbolt, treated as a 
qufidrilateral with two bows, recording to Oangddhara ; or Oouch ; 

mridathga <it 
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Again, applying the same rule to the case wten the arc of the seg- 

21 

merit is a quadrant, we get for the area, the expression 

^TT — 2^ 

the true area being ^ — j ; so that in this case the value of 

TT is taken to be fj-, which is less than the true value. Ganesa 


himself gives the accurate method of finding the area of the 
segment, namely, by subtracting the area of the triangle formed 
by the radii and the chord of the segment from the area of the 
sector. The same rule is also given in the Manoranjana.l 




CHAPTER VIL 

EXCAVATIONS^ AND CONTENTS OF SOLIDS. 


217 — 218. Rule^ : a couplet and a half. Taking 
the breadth in several places,® let the sum of the mea- 
sures be divided by the number of places : the quo- 
tient is the mean measure. So likewise with the length 
and depth.^ The area of the plane figure, multiplied 
by the depth, will be the number of solid cubits con- 
tained in the excavation. 

[The rule is very rough, giving a result much smaller than 
the true one. It is curious that such a rough rule was given 
when the author intended to lay down the correct rule imme- 
diately afterwards (§221). The tank contemplated is no doubt 
an ordinary one with slant sides, and we need not take the 
measurements in several places ; the length and breadth of the 
mouth and bottom, and the depth of the bottom from the mouth, 
being sufficient for finding the volume accurately. See §221.] 

219 — 220. Example ; two stanzas. Where the 
length of tlie cavity, owing to the slant of the sides, 


• Khdta-vyavahdra, The author treats first of excavations, secondly of 
stacks of brioks and the like, thirdly of sawing of timber, and fourthly of 
stores of grain, in as many distinct chapters. 

^ For measuring an excavation, the sides of which are trapezia. — Gan. 

• Vistdra^ breadth ; dairghya^ length ; hedha^ depth. Khdta^ an excava- 
tion ; mma^khdtat a cavity in the form of a rectangular parallelepiped, 
cylinder, &o. ; viskama-khdta, a cavity in the form of an irregular solid ; 
fiuehUkhdta^ an acute cue, a pyramid or cone. Sama-miti, mean measure. 
Ohana-phala^ the content of the excavation. 

• The irregular solid is reduced to a regular one, to find its content.— Stir. 
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is measured by ten, eleven and twelve cubits in three 
several places, its breadth by six, five and seven, and 
its depth by two, four and three : tell me, friend, how 
many solid cubits are contained in that excavation. 

Statement: lengths, 12 11 10 ; 

breadths, 7 5 6 ? 

depths, ' 3 4 2. 

Here finding the mean measure, the breadth is 6 cubits, 
the length 11, and the depth 3. The number of solid 
cubits is found, 198. 

221. Rule^ : a couplet and a half. The aggregate 
of the areas at the top and at the bottom, and of that 
resulting from the sum (of the sides of the summit 
and base), being divided by six, the quotient is the 
mean area : that multiplied by the depth is the neat* 
content.® A third part of the content of the regular 
equal solid is the content of the acute one.® 

[This rule gives the exact volume. The tank contemplated is 
an ordinary one with uniformly slanting sides, bet ABCD be 
the month of the tank, and EFGB its base, both being supposedi 
rectangular. Suppose the mouth of the tank to be covered by 
a plane. Draw perpendiculars on this plane from E, F, O, B 
and from the feet of these perpendiculars, draw perpendiculars 

* To find tihe content of a prism, pyramid, cylinder and cone. 

^ ^ Contrasted with the result of the preceding rule, which gave a gross or 
approximate measure* * 

* Half the sum of the breadths at the mouth and bottom is the mean^ 
l^readtb.; and half the sum of the lengths at the u^outh and bottom is the 
mean length ; their product is the area at the middle of the tank. (Fonjr 
times that is the product of the sums of the length and breadth.) This, added * 
to once the area at the mouth and onoe the area at the bottom||is six times; 
the mean area.— Qan, 

* As the bottom of the acute excavation is deep, by finding an area for it' 
in the manner before directed, the regular equal solid is produced ; where- 
fore proportion is made : if such be th content, assuming three places, what 
is the oonteut taking one? Thus the content of the regular equal solid, 
divided by three, is thht of the aoute one*— Sdr. 


9 
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en Cjy, I). A, in the figure. Let AD AB^h, 

EF’^d, and «= vertical 
depth of the tank. Then it will A 
he easily seen that the tank is 
divided into a rectangular paral- J 
lelopiped whose volume is cdz ; 
four triangular prisms, two and 
two being equal, the united volume ^ ^ 

being {(a — c) d 4- (6 — d)c| ; and four equal pyramids on 

square bases, one at each corner, the united volume being 
-Js (a— c) Q) — d). Hence the volume of the tank 
= s («~c) d ^ {b—d) c + i (a— c) C^— d!)} 

w‘z X + cd A (a + c) (6 + rf)}. 

The last expression stated in words leads to the rule. The last 
part of the rule relating to the volumes of pyramids and cones, 
is well known. Ganesa and Sdryaddsa give curious demonstra- 
tions of the rule. See the foot-notes.] 

222. Example. Tell the quantity of the excava- 
tion in a tank, of which the length and breadth are 
equal to twelve and ten cubits at its mouth, and half 
as much at the bottom, and of which the depth, friend, 
is seven cubits. 

Statement : length 12; breadth 10; depth 7. The 
area at the mouth is 120 ; at the bottom 30 ; reckoned 
by the sum of the sides 270. Total 420. Mean area 
70. Solid content 490. 

223. Example. In a quadi'angular excavation, the 
side being equal to twelve cubits, what is the content, 
if the depth be measured by nine? and in a round one, 
ot which the diameter is ten and depth five ? and tell 
me separately, friend, tlie content of both acute solids. 

Statement of quadrangular tank : side 12 ; depth 9. 
Proceeding as directed, the solid content comes out 
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1296. The content of the acute solid (quadrangular 
pyramid) is 432. 

Statement of round tank : diameter 10 ; depth 5. 
The content nearly exact is ; of the acute solid 
(cone), Or gross content of the cylindrical 

tank is ; of the cone, 

[The value of «• is taken to be flfj. (See §201).] 



CHAPTER VIIL 
STACKS.* 


224 — 225. Rule*: a stanza and a half. The area 
of the plane figure (or base) of the stack," multiplied 
by the height,^ will be the solid content. The content 
of the whole pile, being divided by that of one brick, 
the number of bricks is found. The height of the 
stack, being divided by that of one brick, gives the 
number of layers.® So likewise with piles of stones. 

[The stack is supposed to be in the form of a rectangular 
parallelepiped, and the reason for the rule is obvious. Bricks 
are, however, usually arranged in a pile so as to form a frustum 
of a quadrangular pyramid.] 

226 — 227. Example : two stanzas. The bricks of 
a pile being eighteen fingers long, twelve broad and 
three high, and the stack being five cubits broad, eight 
long and three high, say what the solid content of the 
pile is ; and what the number of bricks, and how 
many the layers. 


* CMti*^yamhdra, 

‘ To find the solid oontent of a pile of bricks, or of stones or other things 
of uniform dimensions : also the number of bricks and of strata contained 
in the stack. 

• Chiti^ a pile or stack. 

• Uokehhrdyat iwhehhrUi, auchehya^ height 

* Stara^ layer or stratum. 
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Statement : length of pile, 8 breadth, S ; height, 3. 
Bricks, I by | by 

Answer. Solid content of the brick, ; of the 
stack, 120. Number of bricks, 2560. Number of 
layers, 24. 

So likewise in the case of a pile of stones. 



CHAPTER IX. 
SAW.^’ 


228. Rule: two half stanzas.® Half the sum of 
the thickness at both extremities, multiplied by the 
length in fingers, and the product again multiplied by 
the number of sections of the timber, and divided by 
five hundred and seventy-six,^ will be the measure in 
cubits. 

[The faces of the timber to which ^ 
the sections are parallel, are supposed 
to be trapeziums, and the ends are sup- 
posed to be rectangular. Let ABCD 
represent one of the sections. Then its 
areaa*^ (AB 4- CD) x perpendicular B 
distance between AB and CD^\ {A'R-\-CD) ^AD^ nearly. 
The object of the reckoning is to settle the sawyer’s charge 
which is at a certain rate for each square cubit along which the 
sawing is made. Hence the above area must be multiplied by 
the number of sections to get the total area for which the charge 
is to be reckoned.] 

229. Example. Tell me quickly, friend, what the 
reckoning will be in cubits, for a timber the thickness 

* determination of the reckoning concerning the 
»aw (hrakacha) or iron instrument wiUi a jagged edge for cutting wood.— 
Sdr. 

^ The oonoluding half of one stanza begun in the preceding rule (§ 225), 
and the first half of another stanza of like metre completed in the follow* 
ing rule (§ 230). 

* To reduce superficial fingers to superficial cubits. 
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of which is twenty fingers at the root, and sixteen 
fingers at the tip, and tlje length a hundred fingers, 
and which is cut by four sections. 

Statement : length 100 ; thicknesses 20 and 16. 
Number of sections, 4. 

Half the sum of the thicknesses at the two extre- 
mities, 18, multiplied by the length, makes 1800; this 
multiplied by the number of sections, gives 7200 ; 
divided by 576, gives the quotient in cubits, 

. 230. Rule : half a stanza. But when the wood is 
cut across, the superficial measure is found by the 
multiplication of the thickness and breadth, in the 
mode above mentioned.' 

[The reason for tho rule is obvious.] 

231. Maxim. The price for the stack of bricks 
or the pile of stones, or for excavation and sawing, 
is settled by the agreement of the workman, accord- 
ing to the softness or hardness of the materials.® 

232. Example. Tell me what the superficial 
measure in cubits will be, for nine cross sections of a 
timber, of which the breadth is thirty-two fingers, 
and thickness sixteen. ■ 

Statement : breadth 32 ; thickness 16. Number of 
sections, 9. 

Answer : 8 superficial cubits. 

= [The timber is supposed to be in the form of a rectangular 
parallelepiped.] 

^ It the bteadtb he une^^nab the mean hteadth must be taken.—Gan. and 
Sdr. 

* This ie levelled at certain preceding writers who have given rules for 
ccmpnting specific prices or wages, as A'rya-bhatta quoted by Ganesa, and as 
Brahmagupta (XII, 49) j particularly in the instance of sawyer's work, by 
varying the divisors according to the difference of the timber. 




CHAPTER ;X. 

' MOUND’ OF GRAIN. 


233. Rule. The tenth part of the circumference 
is equal to the depth (height®) in the case of coarse 
grain ; the eleventh part, in that of fine ; and the ninth, 
in the instance of bearded corn.® A sixth of the 
circumference being squared and multiplied by the 
depth (height), the product will be the solid cubits :* 
and’ they afe AMrfs bf ilfog'orfAo.® 

^ ^ ^ ) 

* IMsi^vyavah&raf determination of a mound (of grain). 

* Bedha, depth. Here it is the height in the middle from the ground to 
the summit of the mound. —Sir. 

^^AmySuhshma-dh&nya,itikGi grain, as mustard seed, &o. — Gan. As Paspa- 
lum Kora, &o.— ii/aao. As wheat, &o.— Sdr, 

i A^am^ stJiMa-dhdnya f grain, as ohiohes (cioer arletinum),— Gan,, 

and Sdr. As wheat, S6q,^ManQ, Barley, & 0 .. — Ohaturyeda on Brahm. 
' sd^^dhdnyaf bearded dorn, as rice, &o! 

The coarser the grainy the higher the mound.' The rule is founded onitrial 
and experienoe^; and^for other sorts of grain, otherproportions may betoken, 
as9iorl0i or 12 times the height, equal to the circumference.— Gan. hnd 
Sdr. The rule is taken from Brahmagupta, XII, 60. » 

^ This is a rough calculation, in which the diameter is taken at one-third 
of the circumference. The content may be found with greater precision 
by taking a more nearly correct proportion between the circumference and 
diameter. — Gan. 

* See § 7. The proportion of the kMrf or other dry measure of any prov- 
ince to the solid cubit being determined, a rule may be readily formed for 
computing the number of such measures in a conical mound of grains 
Oaneaa accordingly delivers rules by him devised for the khdri of Mandi- 

and for that of Bemyiri : ^ the circumference measured by the human 
cubit, squared and divided by sixteen, gives the MdH ot Ndndigrdma ; and 
by sixty, that of BevagiHl (Bevagirif lit. mountain of the gods, is better 



( 137 ) 

[The mound is supposed to be conical, the height being stated 
arbitrarily. The circumference of the base being given, the 
height' will of course depend on the vertical angle of the cone. 
The), rule is very rough, the value of w being taken equal to 3, 
as Ganesa remarks. 

Let r denote the radius of the base, and h the height. Then the 

, » . 1 1 1 • 91 (2 'v r)* , / oirouinfetenoe\^ , 

volume of the mouad=f ir rh = X a «» I g 1 ./t, 

supposing » ■* 3.] 

234. Example. Mathematioian, tell me quickly 
how many khdris are contained in a mound of coarse 
grain standing on even ground, the circumference of 

I which (mound) measures sixty cubits ; and separately 
say how many (are there) in a like mound of fine 
grain and in one of bearded corn. 

Statement : circumference 60 ; height 6. 

Answer : 600 khdris of coarse grain. But of fine 
gram, the height is ffj and quantity thence deduced, 
So, of bearded corn, the height is ■^, and 
quantity khdris. 

235. Rule. In the case of a mound piled against 
the side of a wall, or against the inside or outside of a 
corner of it, the product is to besought with the cir- 
cumference multiplied by two, four, and one and a 
third ; and is to be divided by its own multiplier. ‘ 

known by the name of JOaulatabad, which the Emperor Muhammad con- 
ferred on it in the 14th century. JVandigrdma, lit. the town or village of 
Nandif Siva’s bull and vehicle, retains the antique name, and is situated 
about 66 miles west of BevagiH,) He further observes that the cubit 
intended by the text is a measure in use with artisans, called in vulgar 
speech gaj ; and a khdri equal to such a solid cubit will contain twenty-five 
manas and three quarters. 

^ Against the wall, the tnound is half a cone ; in the inner comer, a quarter 
ot a cone ; and against the outer corner, three quarters. The circumference 
intended is a like portion of a circular base ; and the rule finds the content of 
a complete cone, and then divides it in the proportion of the part. See Gan.,&o. 
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[The reaisott for the rule is clear from the foot-note. The 
circumferences that are supposed to be given in the three cases 
are respectively halfy one-fourth, and three-fourths of that of 
the base of the complete conical mound.] 

236 — 237. Example : two stanzas. Tell me 
promptly, friend, the number of solid cubits contained 
in a mound of grain, which rests against the side of 
a wall, and the circumference of which measures thirty 
cubits ; and that contained in one piled in the inner 
corner and measuring fifteen cubits ; as also in one 
raised against the outer corner and measuring nine 
times five cubits. 


Statement : 



Twice the first mentioned circumference is 60. Four 
times the next is 60. The last multiplied by one and 
a third is likewise 60. With these the product is alike 
600. This being divided . by the respective multi- 
pliers, gives the several answers,^ 300, 150 and 450. 


* For coarae grain : but the product is lip for fine, and ” p ^ for bearded 
oorn : aad tho answers are ini; and — Gan, 

&c. 




CHAPTER XL 
SHADOW^ OF A GNOMON. 


238. Rule.® The number five hundred and seventy- 
six being divided by the difference of the squares 
of the differences of both shadows and of the two 
hypotenuses,® and the quotient being added to one, 
the difference of the hypotenuses is multiplied by the 
square root of that sum ; and the product being add- 
ed to, and subtracted from, the difference of the sha- 
dows, the moieties of the sum and difference are the 
shadows. 

[The translation of the last sentence is not quite correct. It 
shonld be, “ and the difference of the shadows being added to and 
subtracted from the product, the moieties, &c.” 

The rule, as the author hints in the example which follows 
(§239), is founded on the algebraic solution of a quadratic 
equation. Ganesa gives it at length after the manner of the 
author’s Vija-ganita. It is however very long and not at all 

• Chhdyd-vyavahdra, determination of shadow ; that is measurement b/ 
i^eans of a gnomon. 

• The difference of the shadows and difference of the hypotenuses being 
given, to find the length of the shadows and hypotenuses.—STir, 

This rule is . the first in the chapter, according to all the commentators 
except! Stiryadfisa, who begins with the next, §240, and places this after 
§244. 

• Chhdyd, bhd, prahhd, shadow. 

SanhUf nara^ nrif a gnomon, usually 12 fingers long. 

Kavna^ hypotenuse of the triangle, of which the gnomon is the perpendi^ 
oular, and the shadow the base. 
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clear, and so it bas not been given in flie foot-note. The rule 
may be demonstrated after the manner of modem algebra as 
follows 

Let AB Che Q, triangle, and AD perpen- 
dicular to B C, Then BD, D C are called 
the shadows of the sanku or gnomon AD^ 
which is supposed to be 12 fingers long ; 

BD, D C being supposed to be the shadows 

on a horizontal plane of the gnomon ADy B ^ JD ^ ^ C 
produced either by sunlight at two different hours of the day, 
or by artificial light. The object of the rule is to find these 
shadows, the difference of ACy ABy and of CD, DB being 
supposed known. 

. Let DD = A?, DC^x + a, AB^yy AC^y + 6, a and b being 
known, and the measurements being in fingers. 

Then y ^ — = (y + J)®— (a? 4* of ■» ; 

, a®- 

by ^ ax + — 

whencO by squaring and substituting 144 for we obtain 
the quadratic 

, . . 1446® \ ^ 

^ +a^+ 

solving which we get x = - a + 6v(l'+^ S.)}. 

(the upper sign only being admissible), 
anda: + a=5i-^a + 6 + 

These results stated in words lead to the rule, 
of much importance.} 


The rule is not 


239. Example. The ingenious man, who tells the 
shadows of which the difference is measured by nine- 
teen, and the difference of hypotenuses by thirteen, 
I take to be thoroughly acquainted with the whole of 
algebra as well as arithmetic. 

. Statement : difference of shadows, 19 ; difference 
of hypotenuses, 13. (Gnomon 12.) 



( 141 ) 


Difference of their squares 192. By this divide 
576 : quotient 3. Add one. Sum 4. Square root 2^. 
By this multiply the diflFerence of hypotenuses 13 : 
product 26. Add it to, and subtract it from, the 
diflFerence of the shadows 19. 

[The translation here is incorrect ; it should be, “ add to it, 
and subtract from it, the difference, &c.” See note to §238.] 

Half the sum and diflFerence are the shadows, viz.^ 
^ and 

Under the rule in § 134, the gnomon being the up- 
right, and the shadow the side, the square root of the 
sum of their squares is the hypotenuse. Thus the 
hypotenuses are ^ and 

240. Rule* ; half a stanza. The gnomon multiplied 
by the distance of its foot from the foot of the light, 
and divided by the height of the torch’s flame less tlie 
gnomon, will be the shadow. 

[The rule follows from similar triangles as explained by Sdrya- 
dasa, as follows : — 


Let A be the position of the light, CD the 

gnomon, and DE its shadow. From A draw 

AB perpendicular to ED produced. Through 

D draw DF parallel to AE. Then from 

the similar triangles CDE, FBD, we get 

DE BD , „„ BD.DC „„ 

^ whence DE= ^^^ v CD 



D E 


*= AF. Hence the rule.] 

241. Example. If the base between the gnomon 
and torch be three cubits, and the elevation of the 
light, three cubits and a half, say quickly, friend, how 


^The elevation of the light and (horizontal) distance of its foot from 
the foot of the gnomon being given, dnd the shadow. — Gan. 
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much the shadow of a gnomon wUl be which measures 
twelve fingers. 

Statement s gnomon ; distance between gnomon 
and torch, ; elevation of the light, 3. 

Answer. Proceeding as directed, the shadow comes 

out 12 fingers. 

^ € 

242. Kule* : half a stanza. The gnomon being 
multiplied by the distance between it and the light, and 
divided by. the shadow, and the quotient being added 
to the gnomon, the sum is the elevation of the torch. 

[As Siiryadasa remarks, this rule also follows from similar 
triangles. See figure in the note to § 240.] 

243. Example. If the base between the torch and 
gnomon be three cubits, and the shadow be equal to 
sixteen fingers, how much will be the elevation of the 
torch ? And tell me what the distance is between 
the torch and gnomon (if the elevation be given.) 

Statement ; distance between torch and gnomon, 3 j 
shadow f . 

Answer : height of the torch 

244. Kule'‘ : half a stanza. The shadow, multi> 
plied by the elevation of the light less the gnomon 
and divided by the gnomon, will be the interval be- 
tween the gnomon and light. 

[This like the preceding rule also follows from similar 
triangles.] 

Example, as before proposed (§ 243.) 

Answer ; distance 3 cubits. 

* To find the elevation of the torch, the length of the shadow, and the 
(horizontal) distance being given. — Sdr. 

* To find the (horizontal) distance, the elevation of the torch and length 
of the shadow being given* '«»Gan. and Siir. 
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246. Rule^ : a stanza and a half. The length of a 
shadow multiplied by the distance between the termi- 
nations of the shadows and divided by the difference 
of ihe lengths of the shadows, will be the base. The 
product of the base and the gnomon, divided by the 
length of the shadow, gives the elevation of the torches 
flame.* 

- In like manner, is all this, which has been before 
declared, pervaded by the Rule of Three with its vari- 
ations, as the universe is by the Deity,* 

. [Let A be the position of the light, ^ 

C, Ey the positions of the foot of the 
gnomon, and CI>, EF, the corresponding 
shadows. Let BC ^ BA^y^ CD=-a^ 

EF=^b, CE^c, the measurements being 
in fingers. B C D E F 

Then from similar triangles we have, 

y ^ 12 y ^ 12 ^ 

^ + a a ^ X -h b + c h ^ 

whence 

0 - a 



, — a) 

+ a = 

6 — a 


and y 


. . . ( 1 ), 

12 {x 4 “ o) 12 (x + b + c) 


a b 

whence the reason for the rule is obvious. 


Bhaskara’s own 


explanation is practically the same as the above, but it is not 
clearly put. He at once states a proportion which is equivalent 
to equation (1) above, but be does not explain how it is ob^ 
tained.] 


* The gnomon being set up successively in two places, the distance between 
which is known, and the length of the two shadows being given, to find the 
elevation of the light, and the base. — Gan and Siir, 

* The rule is borrowed from Brahmagupta (XII, 64). 

* The author intimates that the whole preceding system of computation, 
as well as the rules contained under the preseht head, as those before 
delivered, is founded on the rule of proportion.— Gan. 
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24$. Example. The shadow of a gnomon mea- 
suring twelve fingers being found to be eight, and 
that of the same placed on a spot two cubits further 
in the san)e direction, .being measured twelve fingers, 
say, intelligent mathematician, how much the distance 
of the. shadow^ from the torch is, and the height of 
the light, if thou be conversant with computation, as 
it is termed, of shadow. 

Statement : shadows, 8, 12; interval between the 
positions of the foot of gnomon, 48. 

Here the interval between the termination of the 
shadows is in fingers 52. The first shadow 8, multi- 
plied by the interval 52, and divided by the difierence 
of the length of the shadows, uir., 4, gives the length 
of the base 104. It is the distance between tlie foot of 
the torch and the tip of the first shadow. So the length 
of the base to the tip of the second shadow is 156. 

The product of the base and gnomon, divided by 
the shadow, gives both ways the same elevation of 
the light, viz., 6^ cubits. 

“ In like manner, &c.”* — Under the present head of 
measurement of shadow, the solution is obtained by 
putting a proportion ; viz,, if so much of the shadow, 
as is the excess of the second above the first, give the 
base intercepted between the tips of the shadows, 
what will the first give? The distances of the termi- 
nations of the shadows from the foot of the torch are 
in this manner severally found. Tlien a second pro- 

} All the oommentfttors appear to hare read * gnomon ’ in this place ; but 
one oopy of the text exhibits * shadow ’ as the reading : and this seems ^ 
be correct. / 

® lleference to the text, §245. [The author here purports to explain fully 
he has hinted at before. — E d.] 
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portion is put : if, the shadow being the side, the gno- 
mon be the upright; then, the base being the side, 
what will be the upright? The elevation of the torch 
is thus found; and is both ways (that is, computed 
with either shadow,) alike. 

[See note to § 245.] 

So the whole sets of five or more terms are ex- 
plained by twice putting three terms and so forth. 

As the Being, who relieves the minds of his wor- 
shippers from suffering, and who is the sole cause of 

th reduction of this universe, pervades the whole, 
and does so with his various manifestations, as worlds, 
paradises,^ mountains, rivers, gods, demons, men, trees,* 
and cities; so is all this collection of instructions for 
computations pervaded by tlie rule of three terras. 
Then why has it been set forth by so many different 
(writers®, with much labour and at great length)? 
The answer is : — 

247, Whatever is computed either in algebra or 
in this (arithmetic) by means of a multiplier and a 
divisor, may be comprehended by the sagacious learned 
as the rule of three terms. Yet has it been composed 
by wise instructors in miscellaneous and other mani- 
fold rules, teaching its easy variations, thinking there- 
by to increase the intelligence of such dull compre- 
hensions as ours. 

^ Bhuvana, worlds. Bhavancif paradiseH, the abodes of Brahma and the 
rest of the gods. [The reading here adopted by Colebrooke is apparently 
different from that in Pandit Jivauanda Vidyasagara’s edition in which we 
have saliala-hliM vami-hlid canena , which rendered becomes, ‘who is the creator 
of all the worlds/ the words, ‘ worlds ’ and * paradises ’ in Colobrooke’s 
translation, being omitted in that case. — E d.J 

Naga^ either tree o r mountain. The term, however, is read in the text 
by none of the commentators besides Gauesa. 

* As Sridhara and the rest. — Mano. As Brahmagupta and others. — Gang. 

B, M 10 



CHAPTER Xir. 
PULVERIZER. 


248 — 252. Rule : five stanzas. 

248. In the first place, as preparatory to the in- 
vestigation of a pulverizer,* the dividend, divisor and 

^ Kuttaha-vyavahdra or ftutiakddhydya^ cetermiiiatiotL of a grinding or 
pulverizing multiplier, or quantity sucli that a given ^number being multi- 
plied by it, and the roduct added oa given quantity, tbesum (or, if the 
additive be negative, the difference) may be divisible by a given divisor 
without remainder. Kuttaka or kutta from hutt^ to grind or pulverize ; (to 
multiply ; all verbs importing tendency to destruction also signifying multi- 
plication. — Gan.) The derivative import of the word is retained in the 
present version to distinguish it from multiplier in general ; kuttalm being 
restricted to the particular multiplier of the problem in question. 

According to the remark of Ganesa, this chapter as well as the following 
chapter on combination belongs to algebra rather than arithmetic ; and 
they are here introduced, as he observes, and treated without employing 
algebraic %l^ms, to gratify such as are unacquainted with analysis. See 
J^a-ganitai Chap. II, from which the present chapter is borrowed, the 
contents copied, with some variation pf the order, nearly word for 

word. 

Ganesa notices an objection, namely, that this subject ought not to have 
b^en introduced into a treatise on arithmetic, while a passage of A'rya- 
bhatta expressly distinguishes it from both arithmetic and algebra : “ the 
multifarious doctrine of the planets, arithmetic, the pulverizer {kwttaka)^ 
apd analysis i'cija) and the reot of the science treating of seen (or physical) 
objects.” Ee answers the objection by saying that mathematics 
consists o| two branches treating of known and of unlmown quantity 
{^fahta-gamt^ and myaUa^^ganita); that> tdm investigation bl the pulve- 
rizer is comprehended In algebra; and that the separate mention pS this 
flnbject by A'ryabhntta and other ancient %uthore is intended to indicate its 
difficulty and lu UrahmagupWs work, the whole of algc^bra 

is comprised under the title of hnttakddhy4yaf, ehapter on the pnlverii^* 
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additive quantity* are, if practicable, to be reduced 
by some number.* If the number, by which the divi- 
dend and divisor are both measured, do not also mea- 
sure* the additive quantity, the question is an ill put 
(or impossible) one. 

249 — 251. The last .remainder, when the dividend 
and divisor are mutually divided, is their common 
measure.* Being divided by that common measure, 
they are termed reduced quantities.® Divide mutually 
the reduced dividend and divisor, until unity be the 
remainder in the dividend. Place the quotients one 
under the other, and the additive quantity beneath 
them, and* cipher at the bottom. By the penult 
multiply the number next above it and add the lowest 
term. Then reject the last and repeat the operation 
until a pair of numbers be left. The uppermost of 
these being abraded* by the reduced dividend, the 
remainder is the quotient. The other (or lowermost) 
being in like manner abraded by the reduced divisor, 
the remainder is the multiplier. 

252. Thus precisely is the operation when the 
number of quotients is even. But if the number be 


‘ Kshepa or yuti^ additive ; from hship to cast dr throw in, and from y% 
to mix. VimddUij gubtr&otive quantity. 

^ Apavartana^ abridgment.— Gan. Kedttction to l^ast terms, division with- 
out remainder ; also the number whioh ser*^e8 to divide without residue, the 
odibmon meashre.— Sdr* [It r^Uy the greatest cbknion measure. — E d.] 

* firm ; reduced by the common divisor to the least term. The 

wbr^ is (ippiieable to the reduced additii^e; as he to the dividend and 
divisor. 

^ tusMa hbrad^ed ; frbm taUihf ^6 fjhrb^di* : divided, but the residue 
tallehv disregarding thi quotient.^ Ss ft whle § feeidde after ref>eate4 
aahtraoiioh8.*.*>^G 

!^a?ts?iana, the abrhder ; thd dfivtldr in' bM^ eperalion. 
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odd, tlie numbers as found must be subtracted from 
tlieir respective abraders, and the residues will be the 
true quotient and multiplier. 

[This Chapter, as Ganesa remarks, properly belongs to Algebra 
and aot to Arithmetic. We have already seen, however, that 
the present treatise deals with both Arithmetic and Algebra. 

The whole of this Chapter is occhpiod with problems produc- 
ing indeterminate equations of the first degree, and the object 
of the several rules is to find positive integral solutions of such 
equations. The reason for the above rule will be best understood 
from the example in § 253. Let y denote the multijilier and 

X the integral quotient. Then we get — —.r, and the 

object of the rule is to find positive integral solutions of this 
equation. 


Dividing by the common measure 1 3, we get 


17.y + 5 
15 




15.r-17y=5 (1). 

This equation is of the type Ax — By = C, A being loss 

than B. and the rule refers to cases of this class. Convert^ into 

A 


a continued fraction, and suppose the result is ^ = a+ • 

Let - be the convergent immediately preceding Then we 

know that = y^jpC^ or x—{B~-(j) C, y==(A --p) C, is 
one solution of equation (1), according as Aij — Bp^ ± 1 ; and 
that the general solution is x^a-\-Bt^ y — (i’\-At, where a and 
are one set of values of x and ?/, and where we may give to 
t any positive integral value, and also such negative integral 
values as make Bt and At numerically less than a and p respec- 
tively. (See Todhunter’s Algebra, Arts. 630, 631.) Now the 

. , , B a ah + 1 ahc+a-{c . , 

snccesive convergents to are j, — ^ the law 

of formation being w^ell known (see Todhunter’s Algebra, Art. 
604) ; and the object of the rule in § 251 is to find the value of 

the convergent and thence the value of the quantities j C, jt? (7» 
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The rule, however^ is very vaguely and obscurely expressed, 

and it is difficult to understand its working. An explanation of 

the rule by means of a particular example is given by Krishna 

in hi§ commentary on the Vija-ganita^ from which we may deduce 

the following general explanation. Let us first consider the case 

where the number of quotients exclusive of the last one is two, 

viz., a, h, the additive being Q. Then according to the rule we get 

the series a, h, C, 0. The rule next directs us to multiply the 

penultimate ( C) by the number preceding it, viz,, b, and to add the 

last term, viz,, 0 , to the product. We thus get Z>(7+0 or hC, and 

we have now to replace the previous multiplier h by this quantity 

hC, and reject the last term 0, We thus have the new series, 

a, hC, C, with winch we have to repeat the above operation ; 

that is, we have to multiply the penultimate h C, by a, and add the 

last term C to the product; whence we get ahC+ C, by which we 

liave to replace the multiplier a, and w^e have to reject C. The 

series thus becomes abC+ C, hC, and this consisting only of two 

terms, we infer according to the rule that qC ^ abC C, and 

pC=bC, But wo know as matter of fact that in the case we 

are considering, q^ab + 1, andj[? = &; thus the rule holds good 

in this case. Wo may now prove by induction that the rule 

holds universally. For supposing the number of quotients 

exclusive of the last one to be three, viz,, a, b, c, all we have got 

to do is to take the additional quotient c, so that we have to 

write 6 + “ for in the above expressions for qC, pC; and we get 
€ 


in this case 

pC 




C+C 




dibcO *4" 0) "f" 

heC+C 


so that 


qC^a {bcC+ C) + cC, and pC—bcC+ C. But it is easy to see 
from the very nature of these expressions that they are precisely 
what we would get by means of the rule, if we take into consi- 
deration the quotient c. Thus we see that the rule is univer- 
sally true. In the present example, a« 1, 6*7, c* 2, and 7 is 
the last quotient but one. Hence, g'«a6+l*7 + l, and 
7x5+5; jt)=6* 7, and joC* 7 x 5. And V in this case Aq^Bp 



( > 

s=?l, /. ^"=2=40, 3 / = 35, is one solution. Hence putting a«40, 
/3« 35, and t =2 —2, in the general expressions for x and 3 /, we 
get X = 40 — 17 X 2 — 6, «= 35 - 15 X 2 = 5. These are the least 
positive integral values. Putting t = — 1, we get x « 23, y ** 20, 
and so on. Or taking » 6 , 3 / 5, as one solution, we may get 

others from the expressions 6 + 17 t, 5 + 15 by giving to t any 
positive integral value. Thus putting i*sl, we get ^=23, 
^ s =20 ; putting ^ = 2 , wo get ^=40, ^=35 ; and so on. Thus 
the reason for the process in § 253, as well as that for the rule 
in § 262, is clear. The meaning of the term ohmded as used by 
the author is also clear.] 

253. Example. Say quickly, mathematician, what 
that multiplier is, by which two hundred and twenty- 
one being multiplied, and sixty-five added to the pro- 
duct, the sum divided by a hundred and ninety-five 
becomes exhausted. 

Statement : dividend 221 a 1 rx. % 

divisor 195 Add,tve66. 

Here the dividend and divisor being mutually divided, 
the last of the remainders (or divisors) is 13. By this 
common measure, the dividend, divisor and additive, 
being reduced to their least terms, are dividend 17, 
divisor 15, additive 5. The reduced dividend and 
divisor being divided reciprocally, and the quotients 
put one under the other, the additive under them, 
and cipher at the bottom, the series* which results is 1. 

7 

5 

0 

TheA iiaultiplying by the penult tli© number abeve 
it and proceeding as directed^ the. two quantities are 
obtained! 40. Tliese being abraded^ by the reduced 
35 
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dividend and divisor 17 and 15, the quotient and multi- 
plier are obtained 6 and 5. Or, by the subsequent 
rule (§262), adding them to their abraders multiplied 
by "an assumed number, the* quotient and multiplier 
(putting 1) are 23 and 20 ; or putting 2, they are 40 
and 35; and so foi’th. 

• 

254. Rule. The multiplier is also found by the 
method of the pulverizer, the additive quantity and 
dividend, being either reduced by a common measure 
(or used unreduced^). But if the additive and divisor 
be so reduced, the multiplier found, being multiplied 
by the common measure, is the true one. 

[The reason for the mle will appear from the solution of the 
example in § 255.] 

255. Example. If thou be expert in the investi- 
gation of such questions, tell me the precise multiplier 
by which a hundred being multiplied, with ninety 
added to the product, or subtracted from it,* the sum 
or the diflference may be divisible by sixty-three with- 
out a remainder. 

Statenieat: dWWend 100. 

The quotient and multiplier are found by proceed- 
ing as before, 30 and 18. 

Or, the dividend and additive being reduced by the 
Common measure ten, we get dividend 10, divisor 63, 
additive 9. Placing the quotients of reciprocal division, i 
the additive quantity and cipher, one under the other^ 


> Chwi 

* An example of the eubseqaeut rale in § 256. 
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the series is g • And the multiplier is found by the 

3 

9 

0 

former process 45. The quotient^ (3) is here not to 
be taken ; and the number of quotients (of the series) 
being odd, the mult plier 45 is to be subtracted from 
its own abrader 63; the true multiplier is thus found 
18. The dividend being multiplied by that multiplier, 
and the additive quantity being added, and the sum 
divided by the divisor, the quotient is found 30. 

Or, the divisor and additive quantity being reduced 
by the common measure nine, we get dividend 100, 
divisor 7, additive 10. Here the quotients, the addi- 
tive and cipher make the series 14. The multiplier 

3 

10 

0 

is found 2, which multiplied by the common measure 9, 
gives the true multiplier 18. 

Or, the dividend and additive being reduced, and 
further the divisor and additive, by common measures, 
we get dividend 10, divisor 7, additive 1. Proceeding 
as before the series is 1. 

2 

1 

0 

The multiplier hence deduced is 2, which taken into 
the common measure 9, gives 18 ; and hence, by multi- 
plication and division, the quotient comes out 30. 


* [This probably means the last quotient. There is, however, no force in 
the remark ; the last quotient being always excluded under the rule in 
§§ 2M)-261 .-Ed.] 
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Or, adding the quotient and multiplier as found, to 
(multiples of) their respective divisors, the quotient 
and multiplier are 130 and 81 ; or 230 and 144 ; and 
so forth. 

[Putting y — multijjlier, and x — quotient, wo get the equa- 
tion CSit— 100^=90 (1). If we convert into a con- 

tinned fraction, the number of quotients will be found to be 
large, and so it will lie tedious to form To make tlie pro- 
cess shorter, let us first consider the equation Gda’ — 10//=:=9 

(2). Now if from (2) we find sets of positiv’^o integral values 
of X and //, it is cloai' that those values of y and 10 times the 
corresi^onding lailiies of a* will lie sets of positive integral values 
of a* and y satisfying (1). The general solution of (2) will be 
found to be x = (10 — d)9 + 1 0/, y = (G3 — 19)9 + Gd<^. Putting 
t= we got a- = d, y=18, as the least values. Thus a = 30, 
y— 18, are the least values satisfying (1). In the text, the least 
value of If is found from the expression G3 - (19 x 9 -f-G3^')? by 
putting — 2, and the reason for this is stated to bo the fact 
that the number of quotients (exclusive of the last one) is odd. 
The explanation is that the number of quotients exclusive of 

the last one being odd, ^ is less than -p (Todhunter’s Algebra, 

Art. 603), and so - . !?/)= — 1, and the general solution is 

(^B - q)C Bt^ y =^(^A— 2 i)C -{-At (3). In the text, the 

value of y is derived from the expression A - (p(7+al/)..,(4). 
Supposing that the expressions in (3) and (4) give the same 
values of y for certain values of t and P, the relation between 
such values will be given by ^ + i' = 1 - C. Thus it is clear that 
we can derive values of y from both these expressions, but not 
from the expression joC+A^, when the number of quotients 
exclusive of the last one is odd. This also explains the state- 
ment in §252. 

Similarly, if we find values of x and y from the equation 
7.r - lOOy — 10, these values of x and 9 times the corresponding 
values of y will satisfy (1). 
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Lastly, if we find values of x and y from the equation Tx — lOy 
= 1, it is easy to see that 10 times these values of x, and 9 times 
the corresponding values of y will satisfy (1), Thus the reason 
for the rule in § 254 is obvious.] 

256. Kule^ : half a stanza. The multiplier and 
quotient, as found for an additive quantity, being sub- 
tracted from their respective abrUders, answer for the 
same as a subtractive quantity. 

Here the quotient and multiplier as found for the 
additive quantity ninety in the preceding example, 
namely, 30 and 18, being subtracted from tlieir re- 
spective nbraders, namely, 100 and 63, the remainders 
are the quotient and multiplier which answer when 
ninety is subtractive : mV., 70 and 45. 

Or, these being added to arbitrary multiples of 
their respective abraders, the quotient and multiplier 
are 170 and 108, or 270 and 171, &c. 

[Let C be the additive or subtractive quantity. Then the 
corresponding equations will be Ax— By— C (1). 

Ax-By= -C (2). 

Let .r* a, y = /3, be a solution of (1). Then Aa—B =» C. 

A(B-a)-B (A-(3)=-C. - 

.*. x^B—a, y=A—P, is a solution of (2), whence the 
reason for the rule is clear. It will be readily seen that the 
general solution of (2) is x^{B—a)+Bt, y«=(J.— 

257. Another example^ Tell me, mathematician, 
the multipliers severally, by which sixty being mul- 
tiplied, and sixteen being added to the product, or 
subtracted from it, the sum or difference may be 
divisible by thirteen without a remainder. 

* Tke rule serves wlien the! additive quantity is negatlve.~~^an. and Sdr> 
^This Additional example is unnoticed by Ganesa, but expounded by the 
of the commeniatorA, and found in all copies of the text that have 
beeu collated- 




( 155 ) 


Statement : dividend 60 
divisor 13 
Tlie series found as before, is 4. 


Additive 16. 


1 

1 

1 

1 

16 

0 


Hence the multiplier and quotient are deduced 2 
and 8. But the number of quotients (of the series) 
is hei’e uneven ; wherefore the multiplier and quo- 
tient must be subtracted from their abraders 13 and 
60 ; and the multiplier and quotient, answerinf? to 
the additive quantity sixteen, are 11 and 62. These 
being subtracted from the abx’aders, the multiplier 
and quotient, corresponding to the subtractive quan- 
tity sixteen, are 2 and 8. 

258. Rule' : a stanza and a half, Tlie intelligent 
calculator should take a like quotient (of both divi- 
sions) in the abrading of the numbers for the mul- 
tiplier and quotient (sought). But the multiplier and 
quotient may be found as before, the additive quauti-. 
ty being (first) abraded by the divisor ; the quotient, 
however, must have added to it the quotient obtained 
in the abrading of the additive. But in the case of 
a subtractive quantity, it is subtracted. 

[The reason for the rule will appear from the solution of the 
example which follows.] 

259. Example. What is the multiplier, by which 
five being multiplied and twenty-three added to the 

- — ^ ; - 

* AppUpaUe whea the i^iditive quautity exceeds the dividend and divisor* 
— Gan. 
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product, or subtracted from it, the sum or difference 
may be divided by three without remainder ? 


Additive 23. 


Statement : dividend 5 
divisor 3 

Here the series is 1 and the pair of numbers found 


1 

23 

0 


as befoie 46 ^ They are abraded by the dividend and 

divisor, respectively. The lower number being abrad- 
ed by 3, the quotient is 7 (and residue 2). The 
upper number being abraded by 5, the quotient would 
be 9 (and residue 1) ; nine, however, is not to be 
taken ; but, under the rule for taking like quotients, 
seven onl>', (and the residue consequently is 11). 
Thus the multiplier and quotient come out 2 and 11. 

And by the former rule (§ 256) the multiplier and 
quotient answering to the same as a negative quantity 
are found, 1 and the negative quantity — 6. Added 
to arbitrary multiples of their abraders, double for 
example, so that the quotient may be positive, the 
multiplier and quotient are 7 and 4. So in every 
(similar) case. 

Or, statement for the second (part of the) rule : 

div\?or 3 • ^‘1‘^‘tive abraded* 2. 


The multiplier and quotient hence found as before 
are 2 and 4. These subtracted from their respective 
divisors, give 1 and 1, as answering to the subtractive 
quantity. The quotient obtained in the abrading of 
the additive, (viz. 7) being added in one instance and 


* 23, abraded by the divisor 3, |?ives the quotient 7 and residue 2, 



( 157 ) 


subtracted in tlie other, the results are 2 and 11 an- 
swering to the additive quantity, and 1 and — 6 answer- 
ing to the subtractive : or, to obtain a positive quo- 
tient, add to the latter twice their divisors, and the 
result is 7 and 4. 


[Putting ^ = multiplier, and x - quotient, we get the equations 
S.r—Sy = ±23...(1). Tifldng the upper sign, the general solu- 
tion will be found to be x—2x23 + 5t, ^==1x23 + 31. The 
least positive integral values are got by putting —1^ vh.^ 
.9; =11, y = 2. The meaning of the first part of the rule in 
§258 is that the same negative value is to be given to t in the 
expressions for x and y. To explain the second part of the rule, 


5 ?/ 4- 2 

we observe that equation (1) may be written-^^~ = ,t- ip7 = X 


suppose. We may then solve 3X—by = 2 (2), the values 

of y being the same in (1) and (2), atid the values of ,v being 
deducible from those of W from the relation x = X ±:7 ,'] 

260. RuW: one stanza. If there be no additive 
quantity, or if the additive be measured by the divisor, 
the multiplier may be considered as cipher, and the quo- 
tient as the additive divided by the divisor.^ 

[The rule is clear enough.] 

261. Example. Tell me promptly, mathematician, 
the multiplier by which five being multiplied and add- 
ed to cipher, or added to sixty-five, the division by 
thirteen shall in both cases be without remainder. 


Statement : dividend 5 
divisor 13 


Additive 0. 


There being no additive, the multiplier and quotient 
are 0 and 0 ; or 13 and 5 ; or 26 and 10 ; and so forth. 


‘ Applicable if there be no additive, or if it be divisible by the divisor 
without remainder. 

2 It is $0 in the latter case ; but in the former (where the ajIditiv^Jis'^^Jjf), 
the quotient is cipher.— Siir, 
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Statement ; dividend 5 
divisor 13 


Additive 65. 


By the rule (§ 260), the multiplier and quotient come 
out 0 and 5 ; or 13 and 10 ; or 26 and 15 ; and so 
forth. 


[Putting y = multiplier, and x = quotient, we get in the 6rst 
case the equation — =a: ; and in the second case, the equation 

The general solution in positive integers of the 
first equation will he readily found to be a:=5r, y = 13r ; and 


that of the second, a; =5 (1 + r), y=13»‘, where t may be zero 
or any positive integer.] 


Bule.^ Or, the dividend and additive being abraded 
by the divisor, the multiplier may thence be found as 
before ; and the quotient from it, by multiplying the 
dividend, adding the additive, and dividing by the 
divisor. 


In the former example (§ 253), the reduced dividend, 
divisor and additive respectively are, 17, 15, 5. Abrad* 
ed by the divisor (15) the additive and dividend be- 
come 5 and 2 ; and the statement is : — 


dividend 2 
divisor 15 


Additive 5. 


Proceeding as before the two terms found are 5, 35. 
The second one, abraded by the divisor (15), gives the 
multiplier 5 ; whence, by multiplying with it the divi- 
dend (17) and adding (the additive), and dividing (by 
the divisor), the quotient comes out 6. 

[The reason for the above rule is clear. Let the equation 
he Ax—By= C, and suppose B greater than A, and C less than 


* This is found in one copy of the text, and is expounded ohly by 
dbftWi, being unnoticed by the othet commenMCfs. liocott^s, hOWevet?, in 
the similar chapter of the Vija^ganitay §62. 



( 159 ) 

A. Divide J5 hy A; let IT denote the quotient, and jB' the re- 
mainder. Thus JBss jS^A-^S', and 7ir+^. Convert^ 

A A A 

and^ into continued fractions, and let - and ^ be the conver- 
* A P P 

gents immediately preceding ^ Then^ = K+ ~ « 

^ . Thus p = p, and Aq — Bp ^ A{Kp^ + q) — {KA + B')p 

^ Aq^ B'p' . Hence it is evident that the values of y found 
from Ax~-B'y = C, will be the same as those found from Ax^ By 
=3 C ; and y being known, x is of course known from the 

equation x = — Xt must be remarked here that the above 

rule applies only when the additive C is less4han the divisor ^1, 
so that the additive abraded by the divisor remains unchanged.] 

262. Rule for finding divers multipliers and quo- 
tients in every case : half a stanza. The multiplier and 
quotient, being added to their respective (abrading) 
divisors multiplied by assumed numbers, become mani- 
fold. 

The influence and operation of this rule have been 
already shown in various instances. 

[See note to § 252.] 

263. Rule for a constant pulverizer^ : one stanza. 
Unity being taken for the additive quantity, or for the 
subtractive, the multiplier and quotient, which may be 
thence deduced, being severally multiplied by an arbi- 
trary additive or subtractive, and abraded by the re- 
spective divisors, will be the multiplier and quotient for 
such assumed quantity. 

In the first example (§253), the reduced dividend 
and divisor with additive unity furnish this state- 
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ment : dividend 17 
divisor 15 


. Additive 1. 


Here the multiplier and quotient (found in the usual 
manner) are 7 and 8. These multiplied by an assumpd 
additive five, and abraded by the respective divisors 15 
and 17, give the multiplier and quotient 5 and 6, for 
that additive. 


Next, unity being the subtractive quantity, the mul- 
tiplier and quotient thence deduced are 8 and 9. These 
multiplied by five and abraded by the respective divi- 
sors, give 10 and 11. 


So in every (similar) case. 

Of this method of investigation great use is made in 
the computation of planets. On that account some- 
thing is here said (by way of instance.) 

[The above rule is not a new one. The e(|uation is supposed 
to be Ax — Bi/— ±1...(1), and from what wo have already seen, 
the general solution of this is x—q + Bt, ov ~ {B — q) Bt, and 
ov ^(A — p)+At, If now the additive or subtrac- 
tive be any integer whatever, L tf., if the efpiatLon be Ax~ By — 
zt C'...(2), we have only to multiply q or B - (j, and p or A - 
by (7 in the above expressions for x and y, in ord(U’ to got the 
general solution of e(pintion (2). We may thus regard the 
general value of y found from (1) as a steady (quantity from 
which we may derive the general value of y satisfying (2). 
This shows the propriety of the expression constant pulvenzer,'] 

264. A stanza and a half. Let the remainder of 
seconds be made the subtractive quantity,^ sixty the 
dividend, and terrestrial days^ the divisor. The quo- 


* The present rule is for finding" a planet’s place and the elapsed time, 
when the fraction above seconds is alone given. — Gan. 

»The number of terrestrial days in a Italpa is stated at 1 57791 G450000. 
See the Ganltddhydya of the Siddhdnta-siromani, I, 20--21. [By a terres* 
irirt/ day is meant the mean solar day, when it is tak^n for the purpose of 
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tient deduced therefrom will be the seconds ; and the 
multiplier will be the remainder of minutes. From 
this again the minutes and remainder of degrees are 
found ; and so on upwards. In like manner, from the 
remainder of exceeding months and deficient days,^ 
may be found the solar and lunar days. 

The finding of (the place of) the planet and the 
elapsed days, from the remainder of seconds in the plan- 
et’s place, is thus shown. Sixty is there made the 
dividend ; terrestrial days, the divisor ; and the remain- 
der of seconds, the subtractive quantity : with which 
the multiplier and quotient are to be fotmd. The quo- 
tient will be seconds ; and the multiplier, the remain- 
der of minutes. F rom this remainder of minutes taken 
(as the subtractive quantity), the quotient deduced will 
be minutes ; and the multiplier, the remainder of degrees. 
The residue of degrees is next the subtractive quantity ; 
terrestrial days, the divisor ; and thirty, the dividend : 
the quotient will be degrees ; and the multiplier, the 
remainder of signs. Then twelve is made the dividend ; 
terrestrial days, the divisor ; and the remainder of signs 
the subtractive quantity : the quotient will be signs ; 
and the multiplier, the remainder of revolutions. Last- 
ly, the revolutions in a kalpa become the dividend ; 
terrestrial days, the divisor ; and the remainder of re- 

astronomical measurement ; but for practical purposes, it is taken as the 
time from sunrise to sunrise, which would make its duration variable. See 
Golddhydya, Wilkinson’s translation, II, 3, Bdpd Deva Sastri’s note : Surya^ 
iiddhdnta, Burgcess’s translation, I, 34 — 40, note. — Ed.] 

* Adhi-mdsa, additive months ; Avamadma^ subtractive days. See 
Ganitddhydya, I, 42. [See also Golddhydya, IV, 10 — 16, note: Siirya- 
siddhdnta, I, 47 — 60, note. — Ed.] The adhimdsas in b. kalpa are 1698300000 
[ = 1602999000000-^30—4320000000 x 12], being the excess of the lunar over 
the solar months. The avamas in a kalpa are 26082660000, being the excess 
of the lunar days over the terrestrial days. 

B,M 


11 




( im I 

vdlutloiis, tltfe MibM*{it5tlve c^UaMB^ : filie Will 

be tbe elapsed revolution^ i and the mUltipliei^^ the 
number of elapsed daj^s;^ Example^ df this ofeeur (iti 
the iSiromafti ) in the chapter df ihe problenis® (TW- 
prdMddhydy^^. 

In like manner, the exceeding months in h kdlpa are 
made the dividend ; Solar days,® the divisor ; atid the 
remainder of exceeding months, the subtrftctive 
tity ; the quotient will be the elapsed additional moiithsj 
and the multiplier, the elapsed sdlai? days. So the defi* 
cieiit days in a kdlpa are made the divideud j luiiai* 
days,^ the divisor ; and the rethaiiider of deflcient days, 
the suhtractive quantity : the qubtieUt %ill be the 
elapsed feVrer da3^s ; and the multiplier the elapsed 
lunar days. 

[Tho reason for the rule for finding a pknet^s place and the 
elapsed time will Idg best understood from the illustration given 
by Ganesa and Gangadhara in arbitrary huinbefs. Put the 
terrestrial days in a kalpa 19, the revelations of the planet iii 
the kal^m 10, the elapsed days 12. Then Vee evidently get the 
proportion^ 19 : 12 : : 10 : number of revolutions already pei> 
formed by the planet, whence the revolutions 6^%. Thus the 
planet has performed 6 complete revolutions, and of a revor 
lution, so that to find the planet’s place, we must reduce the 

^ The elapsed days of the kalpa to the time lor t^Moh th^ plaaet's |>^ade Is 
found. SSe Oanitddhydyd^ I, 47 — 49. 

* [See also Oolddhydya, Chip. 

« The solar days in a Mpit are 1665200000000 [ “^SfOOOOCOOx S^O^ ®ee 
Oanitddhydya, 1, 

[The number of Solar years in Vk lmlpa IS 4420000006. See 
dhdnia, if IQf 

^ The lunar ^ays, reotbnihg thirty to the hrbhiifl or synodical revolufcidh, 
are 16029^9600600 in the kalpd. See dan^ddky&ya, 1, 40. [See also OotS^ 
dhy dy a t Jt, 4 , not^», The tbmsWial days tk ^ kalpa are 1677916460000 . 
See li, 3, note. These two nutUh^ria as fit# Ih the 
(I, 37) are slightly differenfc.^Bu.l 
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slgrts mmmtes and seconds* Now 

as Ihero aJ*e 13s!gns in one revolution, 30 degrees in one sign, 
60 minutes in one degree, and 60 seconds in one minnte, we get 
oC, a revolntion *» 8 signs, 23'". 41' .3%^, and this result 
indicates the planet’s place. Now suppose the remainder of 
seconds after division by 19, ue^ 8, is alone given* and we have 
to find the planet’s place by an inverse process* Lety denote 
the remainder of minutes, and a the integral number of seconds. 
Then it is clear from the process which we adopted in reducing 

gQy g 

the fraction that — the general solution of 

v^'hich IS giVeii (§ 256) by *« 60 - (5t + GOO? y « 19 -- (18 + 190- 
The Only positive integral solution is got by putting t = 0 ; then 
^ 3, y 1. the qiiotient cs is the number of seconds, viz*^ 8; 

and the tnnltipliery is the remainder of minutes, tiz.^ 1. It is 
easy to see that there can be only one positive integral solntion 
satisfying the conditions of the problem. For x must obviously 
be less than 60, and y less than 19 ; so that 57 + 60« must be 
positive and Igss than 60, and 18 + 19i must be positive and less 
than 19. Hence there can be only one value of t satisfying 
these conditions, and consequently only one positive integral 
solution satisfying the problem. Making the necessary changes 
in the coefficient of y and in the subtractive quantity, and 
repeating the above process, we clearly obtain the number of 
minutes, degrees and signs indicating the planet’s place, and 
the elapsed days. Thus the reason for the rule is clear. 

Similarly, to find the number of solar days which have elapsed 
from the beginning of a halpa np to any given epoch, suppose 
y, denote respectively the smm days in the kalpa and 
the saum days elapsed, and -4, a, the corresponding additive 
months. Now since one additive month occurs in every 32^ 
solar months {GoMdhydya^ IV, 9,10), we evidently get the 

proportion, S : A:: y : a, whence = x + ^ suppose, 


X being an integer, and ^ a proper fraction. .Consequently, 

'***■'■ 'fr 

obkI a ktegcai sokdikni of titus equation 
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will give the solar days and the integral number of additive 
months that have elapsed. Since by supposition, y is less than 
aS, and X less than -4, we can show as above that there can be 
only one positive integral solution, satisfying the conditions of 
the problem. 

The case of finding the elapsed lunar days from the given 
remainder of deficient days or avamas, is precisely similar to 
the above, it being observed that an avama occurs in 64 lunar 
days {Golddhydya, IV, 12). 

In a period of 32J solar months there are 33^ lunar months 
very nearly ; this excess of the number of lunar months, 
one lunar month is called an adhhndsa or additive month, be- 
cause a proportionate multiple of it is to be added to the solar 
months in any given period in order to convert them into lunar 
months. Again, in a period of 64y\ lunar days there are 63|\ 
terrestrial or mean solar days very nearly ; this ditfcrence be- 
tween the two numbers, viz,^ one mean solar day, is called an 
avama or subtractive day, because a proportionate multiple of it 
is to be subtracted from the lunar days in any given period in 
order to convert them into mean solar days.] 

265. Rule for a conjunct pulverizer.' If the divisor 
be the same and the multipliers various, then, making 
the sum of those multipliers the dividend, and the sum 
of the remainders a single remainder, and applying the 
foregoing method of investigation, the precise multi- 
plier so found is denominated a conjunct one. 

[The reason for the rule will appear from the solution of the 
example which follows.] 

266. Example. What quantity is it, which mul- 
tiplied by five, and divided by sixty-three, gives a 
residue of seven ; and the same multiplied by ten 

* Safislishta-kUttaka or sanslishtasphuta^kuttaka, a distinct pulverizing 
multiplier belonging to conjunct residues.— Gan. A multiplier deduced 
from tbe sum of multipliers and that of remainders.— Sdr. 
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and divided by sixty-three, a remainder of fourteen ? 
Declare the number.’ 

Here the sum of the multipliers is made the dividend, 
and* the sum of the residues, a subtractive quantity ; 
and the statement is as follows : — 
dividend 15 
divisor 63 " 
least terms : — 

dividend 5 
divisor 21 

Proceeding as before,* the multiplier is found 14. 


Subtractive 21. Or reduced to 


Subtractive 7. 


[In tliis example we have two simultaneous equations in- 
volving three unknown quantities. Lot = quantity required. 
Then we have evidently, 5y=63iM-l-7, 10^=63/1-1-14, where 
m and n are certain positive integers. Put m -|- w = m ; thus, 
63.r — 15y = — 21, whence y can he found by § 256, and the reason 
for the rule in §265 is obvious.] 


* [See Golddhyaya^ XIII, 13—16. — Ed.] 

^ The quotient as it comes out in this operation is not to be taken : but it 
is to be separately sought with the several original multipliers applied to 
this quantity and divided by the divisor as given. — Gan. 
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COMBINATION OF DIGITS.* 


267. Rule.® The product of multiplication, of the 
arithmetical series beginning and increasing by unity 
and continued to the number of places, will be the 
variations of number with specific figures : that divi? 
ded by the number of digits and multiplied by the sum 
of the digits, being repeated in the places of figures and 
added together, will be the sum of the permutations. 

[Let there be n digits. Then evidently there are \ n numbers 
■which can be formed with all these digits. Consider any one 
of these digits, and denote it by d. In [re— 1 cases, d is in the 
units’ place, in as many cases d is in the tens’ place, in as many 
cases d is in the hundreds’ place, and so on. Thus the sum aris- 
ing from the d alone is \n~l {d + lOd -p lOOt^ -p . . . . 
Proceeding similarly with the other digits, we get the sum of 
all the numbers = |re— 1 X sum of digits X (10"“^ -p ... d- 10 -P 1) 

I 72 , 

« U X sum of digits X + ... + 10 + 1), which stated 

n 

in words leads to the rule. The meaning of the phrase, being 
repeated in the places of figures and added together^ is obvious. 
See foot-note to §13.] 

* Anka’])dsa*vyavahdra^ concatenation of digits ; a mutual mixing of tlie 
numbers, as it were a rope of numerals, their variations being likened to a 
coil. See Gan. and Sur. 

* To find the number of the permutations and the sum oi amount of them, 
with specific numbers.— Gan. and Siir. 
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268. Example. How many variations of number 
can there jbe with two and eight, or with three, nine and 
eight, or with the continued series from two to nine ? 
Tell promptly the several suras of these numbers. 

Statement of the first example : 2, 8. Here the 
number of places is 2. The product of the series from 
1 to the number of places and increasing by unity, will 
be 2. Thus the permutations of number are found 2. 
That product 2, multiplied by the sum of the figures 
10, is 20 ; and divided by the number of digits 2, is 10. 
This repeated in the places of figures ( ^ J o ) added 
together, is 110, the sum of the numbers. 

Statement of the second example : 3, 9, 8. 

The arithmetical series is 1, 2, 3, of which the pro- 
duct is 6 ; and so many are the variations of number. 
That multiplied by the sura 20, is 120 ; which divided 
by the number of digits 3, gives 40 ; and this, repeated 
in the three places of figures and summed, makes 4440, 
the sum of the numbers. 

Statement of the third example ; 2, 3, 4, 5, 6, 7, 8, 9. 
The arithmetical series beginning and increasing by unity 
is 1, 2, 3, 4, 5, 6, 7, 8. The product gives the permu- 
tation of numbers, 40320. This, multiplied by the sum 
of the figures 44, is 1774080, which divided by the 
number of terras 8, is 221760 ; and the quotient being 
repeated in the eight places of figures and summed, the 
total is the sum of the numbers, 2463999975360. 

269. Example. How many are the variations of 
form of the god Samhhu by the exchange of his ten 
attributes held reciprocally in his several hands, namely, 
the rope, the elephant’s hook, the serpent, the tabor, 
the skull, the trident, the bedstead, the dagger, the 
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arrow, and the bow‘ as those of Haii by the exchange 
of the mace, the discus, the lotus and the conch? 

Statement : number of places 10. 

In the game mode, as above shown, the variations of 
form are found 3628800. So the variations of form of 
Hari are 24. 


270. Rule.* The permutations found as before, be- 
ing divided by the permutations separately computed 
for as many places as are filled by like digits, will be 
the variations of number, from which the sum of the 
numbers will be found as before. 


[Let there bo n digits ; and suppose p of them to be d„ q of 
them to be d^, and the rest unlike, namely, d^, d^, &c. Then 

the variations of number will clearly be= • - -r-* Tod- 

\Z ll 


hunter’s Algebra, Art. 497.) The number of cases in which 

^ 

is in the units or tens or hundreds’ &c. place is (Tod- 

i£ 

hunter’s Algebra, Art. 497); and hence the sum arising from d^ 


* Samhhu or Siva is represented with ten arms, and holding in his ten 
hands the ten weapons or symbols here specified ; and, by changing the 
several attributes from one hand to another, a variation may be effected in 
the representation of the idol, in the same manner as the image of Mari or 
Vishnu is varied by the exchange of bis four symbols in his four hands. 
The twenty-four different representations of Vishnu, arising from this 
diversity in the manner of placing the weapons or attributes in his four 
hands, are distinguished by as many discriminative titles of the god allotted 
to those figures in the theogonies or Mur anas. It does not appear that dis- 
tinct titles have been in like manner assigned to any of the more than three 
millions of varied representations of Siva, 

The ten attributes of Siva are : — 1st, pdsa, a rope or chain for binding an 
elephant ; 2nd, anhusa, a hook for guiding an elephant ; 3rd, u/ii, a serpent ; 
4th, damam, a tabor ; 6th, kapdla, a human skull ; 6th, trisula, a trident ; 
7th, hhatwdnga, a bedstead, or a club in the form of the foot of one ; [it 
may also mean a club having a skull at the top. — E d.] 8th, saUi^ a dagger ; 
9th, sara^ an arrow ,* 10th, chdpa, a bow. 

^ Special ; being applioable when two or more of the digits are alike* 
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(n — 1 

alone is , , + + 10 + 1) Similarly the sum 




In - 1 


arismg from is j (10^-^ + 10 + l)d^, and that 

arising from d^^ d^, &c,, is 

^j^(10»-\+ +10 + 1) (^,+^.+&c.) 

Hence the sum of all the numbers is * 

|n^ , f d. d„ t^a+fL+&c.l 

1r(“*-+ +w+'){5EI¥+iy!i£I+-iffer”} 


( P^i + + •^C.) (10™ ^ + . . . + 10 + 1) 


M !£ |£ 

\n 

“ n [p 

rule.] 


Xsum of digits X (10™“' + ... + 10 + 1), -whence the 


271. Example. How many are the numbers with 
two, two, one and one? And tell me quickly, mathe- 
matician, their sum : also with four, eight, five, five and 
five, if thou be conversant with tlie rule of permuta- 
tion of numbers. 


Statement of the 1st example : 2, 2, 1, 1. Here the 
permutations found as before (§267) are 24. First, 
two places are filled by like digits (2, 2), and the per- 
mutations for that number of places are 2^ Next two 
other places are filled by like digits (1, 1), and the per- 
mutations for these places are also 2. Total 4. The 
permutations 24 divided by 4 give 6 for the variations 
of number : viz.,^ 2211, 2121, 2112, 1212, 1221, 1122. 
The sum* of the numbers is found as before 9999. 


*The enumeration of the possible oombinations is termeA prastdr a. 

^ The variatious 6, multiplied by the sum of the figures 6, and divided by 
the number of digits 4, give 9 ; which being repeated in four places of 
figures and summed, makes 9999. 
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Statement of the 2nd example : 4, 8^ 5, 5, 5. Here 
the permutations found as before are 120, which, divided 
by the permutations for three places, viz., 6, give the 
variations 20 : viz., 48555, 84555, 54855, 58455, 55485, 
55845, 55548, 55584, 45855, 45585, 45558, 85456, 
85545, 85554, 54585, 58545, 55458, 55854, 54558, 
58554. The sum* of the numbers comes out 1199988. 

^72. Kule® : half a stanza. The series of the num- 
bers decreasing by unity from the last^ tO the number 
of places, being multiplied together, will be the varia- 
tions of number, with dissimilar digits, 

[This rule gives the ordinary formula for the number of 
psrmutatiofis of n things taken »• at a time, viz,, n (nr-l) (n- 2) 
(n — r+1).] 

273. Example. How many are the variations of 
number with any digits except cipher exchanged in six 
places of figures ? If thou know, declai’e them. 

The last number is nine. Decreasing by unity, for 
as many as are the places of figures, the statement of 
the series is 9. 8. 7. 6. 5. 4. The product of these 
is 60480. 

274. Rule'* : two stanzas. If the sum of the digits 
be determinate, the arithmetical series of numbers from 
one less than the sum of the digits, decreasing by 
unity, and continued to one less than the places, being 
divided by one and so forth, and the quotients being 

* The variations 20, multiplied by the sum of the figures 27, give 640, 
which, divide4 by the number of digits 6, makes 108 : and this being repeat- 
ed in five places of figures and summed, yields 1199088. 

® To find the variations for a definite number of places with indeterminate 
digits.— Gan. 

* That is, from nine [in the example which foUows.]— Gan. 

* To find the . pernwMiJttious with indeterminate digits for a definite sum 
and a specific number of places. — Gan. 
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multiplied together, the product will be equal to the 
variations of number. This rule must be understood 
to hold good j provided the sum of the digits bo less 
than the number of places added to nine. 

A compendium only has been here delivered for fear 
of prolixity, since the ocean of calculation has no 
bounds. 

[Let 5 = the stun of the digits, 
n»the number pf digits, 

and let 

Then by supposition, n+m<^n + 9 , or m< 9 , or m + lnot 
7 9, so that even if n - 1 of the n digits be I’s, the remainder of 
the sum, m +1 being not 7 9 , can form the remaining digit. 

Now let the n I’s composing n be denoted by 1”, 

and the m I’s composing m, by 1^, 1^, 

Then, if wo fix I’' in the first place on the left, and take tha 
different permutationfl of the remaining n^X+m symbols 

and Ij, I3, la Imj of which the n— 1 indexed I’e 

are considered to be alike and of one sort, and the other m I’s 
are considered to be alike and of another sort, and place each of 
these permutations to the right of 1^, and regard the sum of 
each indexed 1 with the group of I’s with sufldxes, if any, 
following it on its right as forming a digit of one of the re- 
quired numbers, 

we shall have a series of numbers like Ihe following 

(1- 1, 1,) (1--1 13 1, 1,) , . . . . 1.) (n 

(1- 1, 1, 13 1,) . . . . U ) . , , . . (p; (1^), 


This series will evidently eontain all the required numbers 
and those alone ; and the number of these numbers being the 
number required, the problem is reduced to finding the number 
of permutations of n+m — 1 things taken all together, of which 
n-1 aro.aJike and of om sort, wd m,aro aliko and of another 
sort. 
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And this number* 


In + m — 1 


n — 1 


(n + m — 1) (n + m — 1 — l)...(w+m — 1 — n - 1) (m l)...l 


(n + w-*l) (n+m — 2) . . . . (n + m—l — n—li) 


n — 1 


(.9 — 1) (5 - 2) ... . (s-n- 1) 

■“ 1 . 2.............(n-l) ’ 

which proves the rule.] 


275. Example. How many various numbers are 
there, with digits standing in five places, the sum of 
which is thirteen ? If thou know, declare them. 

Here the sum of the digits less one is 12. The de- 
creasing series from this to one less than the number of 
digits, divided by unity, &c. being exhibited, the state- 
ment is, -1^. The product of their multipli- 
cation is equal to the variations of the number', 

495. 

276. Though neither multiplier nor divisor be 
asked, nor square, nor cube, still presumptuous inexpert 
scholars in arithmetic will assuredly fail in (problems 
on) this combination of numbers. 


277. Joy and happiness is indeed ever increasing in 
this world for those who have Lilavati clasped to their 
throats®, decorated as the members are with neat reduc- 


‘ 91111, 62222, 13333, each five ways; 66111, 22333, each ten ways ; 
82111, 73111, 64111, 43222, 61222, each twenty ways; 72211, 63311, 
44221, 44311, each thirty ways ; 63211, 64211, 63221, 43321, each sixty ways. 
Thus the total is 496. 

^ By constant repetition of the text. This stanza, ambiguously expressed 
and bearing a double import, implies a simile : as a charming woman closely 
embraced, whose pferson is embellished by an assemblage of elegant qualities, 
who is pure and perfect in her conduct, and who utters agreeable discourse. 
See Gau. 
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tion of fractions, multiplication and involution, pure and 
perfect as are the solutions, and tasteful as is the speech 
which is exemplified. 

•[In Pandit Jiv^nanda Vidyasagara’s edition of the original, 
there is a stanza after the above, showing the varied scholarship 
of Bhaskara, and stating that the present work was composed 
by him. It was probabfy added by some pupil of Bhaskara, 
and so it has been omitted by Colebrooke. It runs as follows : — 
“The author of this {Lildvatt) is that illustrious Bhaskara, (a 
scholar) of vast erudition, who thoroughly mastered eight works 
on grammar, {viz., those of Indra, Chandra, Kasakritsni, Apisali, 
Sakatayana, Panini, Amara, and Jaincndra),^ six works on medi- 
cal science, {viz., Agnivesa-sanhitd, 13 heda-sa 7 ihitd, .Tdtukarna- 
sanhitdi, Pardsara-sanhitd, Sirapdni-sanhitd^ and Hdrita-sanhitd,)^ 
the six philosophical systems {viz., Sdnkhya, Yoga, Ngdya, Vai- 
seshika, Mimdnsd and Veddntoi), five works on gayiita (calcula- 
tion), {viz., Pauli sa^siddhdnta, Pomaka-sidddidrita, Pdisishtha-- 
siddhdnta, Stirya-siddlidnta and Paitdmahasiddhdnta),^ and 
the foTir Vedas {viz., the Rik, the Yajush, the Sdman and the 
Atharmn) ; and who understood the three Rat/ias, {i.e., the 
three Prasthdnas of the Vedduta, viz., the Sutras, the Upanishads 
and the Prakaranas), as well as the two Mimdnsds,^ and the 
one eternal Brahman, the aim and scope of both.”] 

[} See Bibliotheca Indica, Nirukta, Vol. IV, Appendix, page jau. Some of 
these authors composed dictionaries and not works on grammar. Thus the 
word oydkaranani in the original has been rather loosely used. —E d.] 

These six ancient works form the basis of the later works of Charaka, 
Susruta and Bdgbhata. The works of (Jharaka and Susruta are usually 
called sanJiitds ; that of B^bhata is known under the name of Ashtdnga^ 
hridaya . — Ed.] 

Q* See Varaha-mihira’s Vrihat’-sanhitd, Ch. II. — Ed.] 

I* Namely, the Pdrva-minidmd of Jaimini, usually called the Mimdnsd, 
and the Uttar a^mimdnsd of Vyto, usually called the Veddnta. — Ed.] 
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